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Lake Talða is situated in a significantly good geographical position, in the 
central part of the city of Ðiauliai in Lithuania. River Kulpë has its sources in 
Lake Rëkyva, on the southern side of Lake Talða. It flows through the lakes 
Talða and Ginkûnai to River Mûða and further to Latvia and to the Baltic 
Sea. 
Lake Talða is suffering from eutrophication. Hygienic condition of the lake is 
very bad. The lake is a very popular place for sportsmen, e.g. paddlers. On 
the side of the lake opposite the city there is a large beautiful park for 
recreation and nature conservation. The flora and the fauna of the park, 
which is situated very near from the city of Ðiauliai, are unique and there 
are plans to make eco-paths in the park.
The restoration investigation of Lake Talða was carried out in cooperation 
with Finnish and Lithuanian specialists. In the project, the state of the lake 
was identified, phosphorus balance was calculated and the predictions of 
the contributions of the different loading sources to water quality were 
made. This report distributes information about the case study, including 
recommendations about the possibilities of water protection and restoration 
of the lake.
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Introduction
Lake Talša is situated in a significantly good geographical position, in the central
part of the city of Šiauliai in Lithuania. For a long time Lake Talša was being polluted
by untreated tannery wastewaters. The most serious problems in the lake are
eutrophication, bad hygienic condition and heavy metals in the sediment.
A joint project “Restoration investigation of Lake Talša” was started in the
beginning of year 2001, after a preliminary investigation in 2000. This project was
a research and planning project of the water protection and the restoration of
Lake Talša. The participants of the project which was completed in the year 2003
were the Ministries of the Environment of the Republic of Lithuania and Finland,
Pirkanmaa Regional Environment Centre (PREC), the Council of Šiauliai City (CŠC),
the Lithuanian University of Agriculture (LUA) and the Institute of Geology and
Geography (IGG) of Lithuanian Academy of Science.
The restoration investigation of Lake Talša was carried out in cooperation
with Finnish and Lithuanian specialists. The Finnish partner was PREC and the
main Lithuanian partner the Council of  Šiauliai City (CŠC). The main persons
contributing to the project were Romaldas Šemeta (CŠC), Neringa Mociûtë (CŠC),
Aurimas Rutkauskas (CŠC), Tom Frisk (PREC), Ämer Bilaletdin (PREC), Arto
Paananen (PREC), Heikki Kaipainen (PREC). Many other persons both from
Lithuania and Finland, e.g. Leonas Katkevièius (LUA), Antanas Ciûnys (LUA), Juozas
Petkus (IGG), Kazimieras Dilys (IGG) Jari Vilén (PREC), Leena Strandén (PREC),
Kati Vaajasaari (PREC) and Hannu Arvonen (PREC) also contributed to the work.
The responsibilities of CŠC were the general management of the project, water
sampling and analysing as well as providing other data. The responsibilities of
PREC were mass balance calculations, modelling and sediment analyzing, some
additional studies, reporting and giving recommendations about the restoration.
The aims of the project were set in the negotiation by the project partners
and the aims were revised during the project. The following main objectives were
set to the project:
- To determine the state of Lake Talša and the problems preventing the use of
the lake
- To develop and optimize water quality monitoring of the lake, sediment and
incoming waters
- To carry out intensified monitoring during the project
- To make an investigation on the thickness of the soft sediment in the lake and
its general characterization
- To investigate heavy metal concentrations of the sediment
- To make an analysis of the nutrient balances of the lake
- To make a general plan for suggestions how to improve the state of the lake
- To make predictions of the effects of the planned restoration
- To start planning the possible practical restoration methods
- To assess environmental impacts of possible removal of sediments
1
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Description of study area
2.1 Lake Talša
Lake Talša is situated in the centre of Šiauliai in Lithuania (Fig. 2.1). Its length is
1.85 km and area 0.5 km2. River Kulpë has its sources in Lake Rëkyva, on the southern
side of Lake Talša (Fig. 2.4). It flows through the lakes Talša and Ginkûnai to River
Mûða and further to Latvia and to the Baltic Sea. Lake Talša and Lake Ginkûnai are
separated by wetland, which has been a popular nesting area for birds.
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Fig. 2.1. The location of Lake Talša.
Lake Talša is suffering from eutrophication. The nutrients causing eutrophication
(phosphorus, nitrogen) are coming from the drainage area along with rain water.
Hygienic condition of the lake is very bad. Its is forbidden to swim in the lake. The
bacteria are entering the lake from an area of approximately 1 500 inhabitants who
2
7Pirkanmaa Regional Environment Centre
do not have any water supply or sewerage systems. At present the lake receives
no wastewater loading but formerly, until the year 1997, the effluents of a tannery
were led to the lake. Therefore, the lake and its sediment might be polluted by
heavy metals, particularly chromium.
The lake is a very popular place for sportsmen, e.g. paddlers. The inhabitants
of the city would like to use the lake for recreation but the bad water quality
prevents swimming. On the side of the lake opposite the city there is a large
beautiful park for recreation and nature conservation. The flora and the fauna of
the park, which is situated very near from Šiauliai city, are unique and there are
plans to make eco-paths in the park.
Fig. 2.2. Fishermen on Lake Talša (photo Arto Paananen).
Fig. 2.3. Cyanobacterial blooms in Lake Talša (photo Ämer Bilaletdin).
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2.2 The catchment of Lake Talša
The tannery (leather factory) situated on the southern point of the lake has had an
essential effect on the bad status of the water quality (Figs. 2.4 and 2.5). The effluents
of the factory containing e.g. heavy metals were long led into the lake. The tannery
is no longer working.
On the south-western shore of the lake there is an old cemetery which is no
more used for burying. The park-like cemetery lined by a stone fence is a special part
of the landscape of the  shore of the lake. One part of the cemetery lying in close
proximity to the lake is located in a low depression where surface waters are gathered.
Fig. 2.4. Lakes Talša and Rëkyva and City Šiauliai.
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Fig. 2.5.The tannery (leather factory) situated on the southern point of the lake  (photo
Ämer Bilaletdin).
Landscape of the western shore of the lake is dominated by an old detached house
area, which comprises approximately 200-300 residential houses (Fig. 2.6). The oldest
houses are from the end of  the 19th century and beginning of the 20th century,
and the area has been enlarged after the Second World War.
The building stock consists mainly of small-scale, wood-built houses with
slope roofs. As a facade material for the houses in the area, wood has been used;
the oldest buildings have a log-built facade. The condition of the building stock in
the area varies. On the basis of an outward survey, majority of the building stock
is fit for repairing, but in the area there are also buildings that have a very bad
condition of groundwork, roofing and the facades.
Fig. 2.6.  The detached house area of Kalugas (photo Leena Strandén).
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In some places, the streets that have been constructed considerably higher
than the level of the building sites which makes drainage of the sites and
foundations of the buildings more difficult. Drainage of the street areas has mostly
been arranged by means of open ditches. The street network consists of the site
streets going in east-west-direction and they are combined by a feeder street going
across them. The building sites vary in size, but the areas have been utilized for
gardening plots; also domestic animals, such as hens and geese, are raised.
Kalugas looks generally a small-scale, garden-like wooden house area, the
streets are lined by  house groups, representing the building time. The area is
probably one of the oldest well pre-served detached house areas in Šiauliai.
The area of Kalugas has not been furnished with a water pipe system and
sewerage. There are three hydrants in the area, where the inhabitants take their
water for household use. Usually every site has its own well. The water in the
wells has been discovered to contain nitrate. The waste water of the houses is
collected into closed reservoirs; it is possible that from some sites of the area
wastewaters get into the ground or storm water ditches and further to the lake
Talša.
The building stock is partly being replaced by new houses of stone with even
three stores,  against the traditional scale and way of building. The eastern area of
the Lake Talša is a recreational park, which has partly been also a grazing ground
for domestic animals. There are routes for outdoor tours, riding schools and other
recreation activities in the area.
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State of the lake
3.1 Water quality of Lake Talša
3.1.1 Material and methods
The monitoring programme of the project contained the basic variables of lake
research. The programme was not entirely fulfilled because of the lack of the suitable
samplers and other devices. The Laboratory of Šiauliai City took the water samples
and analysed them. Formerly analysed water quality data was also used to evaluate
the state of the lake. PREC took four parallel samples of the lake water and some
from the inflows and the outflow. These samples were taken in the years 2000 and
2001 and they were analysed by the Laboratory of PREC.
The Laboratory of Šiauliai analysed the following variables: total phosphorus
(Ptot), phosphate phosphorus (PO4-P), pH and fractions of nitrogen. The lake
samples are taken from the surface of the lake. PREC took two bottom-nearest
samples in August and in September 2000. Chlorophyll a concentration was
determined from one sample taken in August 2000. All the samples, which were
taken by PREC, were conserved and delivered to the Laboratory of PREC. The
concentrations of the analysed water samples are shown in Appendix 1.
The main incoming stream (No. 6), from Lake Rëkyva, discharges into the
southern part of Lake Talša. A small stream (No. 23) discharges into the southern
part of the lake. Some amount of the rain water is lead to the lake from the City
Šiauliai area by three rain water ditches (No. 13,14,16). The outflow stream flows
through the Ginkûnai to River Mûða. Fig. 3.1 shows the incoming streams, the
outflow and the rain water ditches.
The main reason for eutrophication of Lake Talša is phosphorus loading.
Therefore, in this report attention is particularly paid to Ptot in water quality
concentrations. The results present also Ptot concentrations of Lake Rëkyva, which
is planned to use for the purpose of the improving the Lake Talša water. Specialists
of the City of Šiauliai determined discharges of the incoming stream and ditches
using areas of catchments and mean precipitation values.
In Finland a state of the lake categorized using several charasteristics
(Heinonen and Herve 1987, National Board of Waters and the Environment 1988).
These are e.g. chlorophyll a, total phosphorus, secchi depth, turbitidy, colour,
oxygen, sanitary indicator bacteria andalgal bloom (Appendix 2). Table 3.1. shows
the values of total phosphorus and chlorophyll a for five categories.
Table 3.1. Total phosphorus (mg l-1) and chlorophyll a (mg l-1) categories in Finland.
Excellent (I) Good (II) Satisfactory (III) Passing (IV) Poor (V)
P
tot
<12 <30 <50 50-100 >100
Chlorophyll a <4 <10 <20 20-50 >50
3
The Finnish Environment 70212
Lake
Tal aš
Rain water 13
Rain water 14
Rain water 16
Sub-catchment 23
Sub-catchment 6
Outflow 8
Lake
Gink naiû
Fig. 3.1. Incoming streams and ditches and numbers of the water samples.
3.1.2 Results
Ptot  concentrations in Lake Talša water samples varied between 40 and 230 mg l
-1
and the average of the years 1995-2001 is 107 mg l-1 (Fig. 3.2). The high contents of
the Ptot concentrations have been determined in autumns or in the end of summers.
The highest concentration (230 mg l-1) was analysed in the sample of the 18th of
April in the year 1996. Lake Talša belongs to the worst class (V) according to the
Finnish categories, which limit values are drawn in Table 3.1. The Ptot concentration
of the bottom-nearest sample (the 9th of August 2000) was 1157 mg l-1. This high
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value indicates that the lake has suffered for the oxygen depletion. The
concentrations of Lake Talša chlorophyll a was analysed as 55.8 mg l-1, in August
2000.
The Ptot concentrations of Lake Rëkyva varied between 15 and 78 mg l-1 , and
the average of concentrations was 44 mg l-1. Three high concentrations of Ptot were
analysed during the summer of the year 2001.
Total phosphorus
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Lake Talša Lake R kyvaë
g l -1m
Fig. 3.2. The concentration of total phosphorus in the Lake Talša and Lake Rëkyva water
samples in 1995-2001.
PO4-P concentrations in Lake Talša water samples varied between 10 and 200 mg l
-1
and the average of the years 1995-2001 was 53 mg l-1 (Fig. 3.3). The highest
concentration (200 mg l-1) was analysed in the sample of the 24th of June in the year
1996.
The highest PO4-P concentration (28 mg l
-1) in Lake Rëkyva was analysed in
the sample of the 16th of October in the year 2000. The PO4-P concentrations water
samples varied between 10 and 28 mg l-1 and the average of the years 1995-2001
was 15 mg l-1.
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Phosphate phosphorus
0
50
100
150
200
250
1995 1996 1997 1998 1999 2000 2001
Lake Talša Lake R kyvaë
g l -1m
Fig. 3.3. The concentration of phosphate phosphorus in the Lake Talša and Lake R?kyva
water samples in 1995-2001.
The total phosphorus concentration of the incoming rain water ditches varied
between 190 and 547mgl-1 and the averages of the year 2001 were: the ditch No. 13;
352 mg l-1, the ditch No. 14; 397 mg l-1, the ditch No. 16; 289 mg l-1 (Fig. 3.4). The
incoming streams total phosphorus concentration varied between 10 and 120 mgl-1
and the averages of the year 2001 were: the stream No. 6; 54 mg l-1 and the stream
No. 23; 57?mg l-1. The total phosphorus concentration of the outflowing stream
(No. 8) varied between 30 and 324 mg l-1 and the average of the year 2001 was
154?mg l-1 (Fig. 3.5).
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Fig. 3.4. The concentration of total phosphorus in the rain water ditches in year 2001.
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Fig. 3.5. The concentration of total phosphorus in the streams in 1997-2001.
3.2 The sediment of Lake Talša
3.2.1 Material and Methods
The specialists of PREC took the sediment sample on the 27th of September 2000
from the middle part of Lake Talša (site S4, Fig. 3.6). The sample was taken by a
“Limnos” sampler and it was sliced into ten sub-samples. The sampling profile
was from the sediment surface down to 32 cm. The samples were delivered to the
Laboratory of PREC in which they were analysed. Fig. 3.6 shows the sampling
sites. The analysed characteristics were the dry weight (DW), the loss on ignition
(IL), as well as concentrations of total phosphorus (Ptot), total nitrogen (Ntot) and
total carbon (Ctot). The ratio of total carbon and total nitrogen concentrations (C:N)
was calculated to determine the source of organic matter.
Håkanson et al. (1984) classified conditions of bottom sediments into three
categories. These categories were determined by DW, IL, Ntot and Ptot. The
classification is presented in Table 3.2. Suspended matter, which permanently settles
and deposits to the sedimentation bottom, is formed on the erosion bottom or it is
transported to the lake ecosystem by inflows. The permanent sedimentation occurs
only on the sedimentation bottoms. On the erosion and on the transportation
bottom, suspended matter does not deposit or it is temporary.
Table 3.2. Categories of the bottom dynamics (Håkanson et al., 1984).
Bottom type DW IL P
tot
N
tot
(%) (% DW) (mg g-1DW) (mg g-1DW)
Erosion >75 <4 0.3-1.0 <2
Transportation 25-75 4-10 0.5-1.5 2-5
Sedimentation <25 >10 >1 >5
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Fig. 3.6.The sediment sampling sites of Lake Talša.
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Sediments consist of three primary components: organic matter in various stages
of decomposition, particulate mineral matter, and an inorganic component of
biogenic origin (Wetzel, 1975). Sapropel is an unconsolidated sludge, which consists
of the decomposed remains of aquatic organisms. It is bluish-black, contains much
hydrogen sulfide and methane, and is deposited under strong anaerobic reducing
conditions. Peat is black or dark brown mass of partially decomposed plant material
formed under anaerobic conditions.
Gyttja is a coprogenous sediment mixture of remains of all particulate organic
matter, inorganic precipitations, and minerogenic matter. In a fresh state gyttja is
very soft and hydrous, with a dark greenish-grey to black colour, but never brown.
The organic carbon content of gyttja is less than 50 per cent. Dy is a gyttja mixed
with unsaturated humus colloids of littoral bog and allochtonous origin. Fresh dy
is soft, hydrous, and brown in colour. The organic carbon content of dy and peat is
greater than 50 per cent. (Wetzel, 1975)
The specialists of the Lithuanian University of Agriculture, Water management
Department took sediment samples on the 23rd of April 2001 from three sites of
Lake Talša. The sites are shown in Fig. 3.6. The samples delivered to Finland and
they were analysed in the Laboratory of PREC. The analysed characteristics were
total chromium (Cr), total copper (Cu), total lead (Pb), and total cadmium (Cd).
The depth of the sediment samples were from 1.0 meter to 4.0 meter. The
concentrations of the analysed sediment saples are shown in Appendix 3.
Chromium, copper, lead, and cadmium are included in the lists of the
contaminants in many countries. Puolanne et al. (1994) defined target and limit
values for contaminant in the “Contaminated soil site survey and remediation
project” (SAMASE) in Finland. Table 3.3 shows these values. The “target value”
signifies the highest concentration which does not cause any adverse effect on
organisms. The concentration of the contaminant above the “limit value” might
cause adverse effect on organisms. In this research, the state of the sediment is
described using these values.
Table 3.3. Concentrations of contaminants in soils (Puolanne et al. 1994).
Contaminant Target value Limit value
(mg kg-1 DW) (mg kg-1 DW)
Chromium (Cr) 100 400
Copper (Cu) 100 400
Lead (Pb) 60 300
Cadmium (Cd) 0.5 10.0
PREC took the sediment sample on the 27th of September 2000 from the middle
part of Lake Talša. This site is marked S4 in Fig. 3.6. A part of this sample profile (0-
10 cm) was divided into five slices and the sediment pore water was separated
from solid matter of the sediment. The pore water samples were filtered and then
analysed by mean of the luminescence bacteria test (ISO-DIS 11348-3) using freeze-
dried bacteria Vibrio fischeri (NRRL B-11177). The luminescence was measured after
the incubation in a Bio-Orbit 1253 Luminometer (Labsystems, Finland). Toxicity
was determined by effective concentration which gives 50 % light reduction to
bacteria within 30 minutes incubation (EC50).
In order to test solid matter, PREC took ten samples on the 4th of June 2001
from five sites of the lake. The samples were taken from the surface of the sediment
(0-10 cm) and from the depth of 30 to 40 cm. The Laboratory of PREC tested the
toxicity of the samples with the new kinetic method of the luminescence bacteria
test. This test is called FLASH method.
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In September 2000, as well as in June 2001 the specialists of the PREC were
doing echo sound investigations on Lake Talša in order to study the thickness and
the softness of the sediment. The investigations were carried out by the echo
sounder JRC Plot 700FX (Fig. 3.7). The coordinates (WGS-84), the depth of the site
and the thickness of the soft sediment were determined during the echo soundings.
The investigation was carried out eastward and westward covering entirely the
lake area (Fig. 3.8)
The quantity of the soft sediment was calculated using the thickness of the
soft sediment and the depth of the lake at the echo sounding sites. The calculation
was run using the sofware “Surfer 8”. This programme is for the contouring and
the 3D surface mapping.
Fig. 3.7. JRC PLOT 700FX echo sounder layout.
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0 100 200 300 m
Fig. 3.8.The echo sounding sites of Lake Talša.
The Finnish Environment 70220
3.2.2 Results and discussion
The analysed characteristics indicate clearly that the middle part of the lake (S4) is
a sedimentation basin. The analysed characteristics are shown in Table 3.4.
Table 3.4. Characteristics of Lake Talša sediment samples in the site S4 (analysed by the Laboratory of PREC).
Depth DW IL P
tot
N
tot
C
tot
C:N ratio
(%) (% DW) (mg g-1DW) (mg g-1DW) (mg g-1DW)
0-3 cm 16.0 26.4 1.98 15.10 199.6 13.2
3-6 cm 16.5 25.2 1.82 14.00 198.5 14.2
6-9 cm 20.0 25.1 1.74 13.20 198.9 15.1
9-12 cm 19.3 26.2 1.73 13.70 203.7 14.9
12-15 cm 20.2 25.4 1.80 13.50 195.2 14.5
15-18 cm 21.3 21.6 1.90 11.70 180.7 15.4
18-21 cm 22.2 21.5 1.74 10.40 178.1 17.1
21-24 cm 21.5 25.4 1.84 12.45 195.4 15.7
24-27 cm 21.7 26.0 1.93 13.00 190.9 14.7
27-32 cm 18.9 27.9 2.32 13.70 197.6 14.4
Dry weight
The value of dry weight (DW) describes the amount of solid matter in the sample.
Here, DW is expressed as the percentage of solid matter of the total weight of the
sample. The lowest contents of solid matter are in the surface of the sediment, and
the contents decrease in the deeper sediments. DW varied between 16.0 and 22.2
per cent in the Lake Talša sediment sample No. S4. The lowest contents were from
the surface to 6.0 cm, and the contents increased to 27 cm (Fig. 3.9). The amount of
solid matter was very low in the samples, thus the sediment is very soft and liquid.
Dry Weight
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%
Fig. 3.9. Dry weight contents in Lake Talša sediment samples (site S4).
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Loss on ignition
The sediment samples were incupated at 550OC to determine the amount of organic
matter in the sediment. Loss on ignition (IL) is a ratio of organic and solid matter
in the samples. The IL values of the samples were about 25 per cent excluding the
values on the samples from the depths of 15 to 21 cm. They represent the lowest
values (about 21 per cent) of the determined samples. The average of organic matter
quantity was 25.1 per cent in the samples. Fig. 3.10 shows IL values of Lake Talša.
Loss on Ignition
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Fig. 3.10. Loss on ignition in Lake Talša sediment samples (site S4).
Total phosphorus
The release of nutrients from the sediment is called the internal loading. The cause
of the increasing internal loading might be: the oxygen depletion, the methane
fermentation in the sapropel and the mixing effect of the waves and the
bioturbation. The average of total phosphorus (Ptot) concentrations in the surface
samples (0-32 cm) was 1.9 mg g-1DW and the highest concentration (2.32 mg g-1?DW)
was analysed in the depth 27-32 cm (Fig. 3.11). The concentration of the surface
sediment in a eutrophic lake in Finland (Vanajanselkä) is 2.0 mg g-1 DW.
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Fig. 3.11 P
tot
 concentrations of Lake Talša surface sediments (site S4).
In the deeper sediment samples, Ptot concentrations varied between 0.29 and 0.82
mg g-1 DW (Fig. 3.12). The sampling sites were situated near-by the present shore
line, thus the deepest samples might not belong to the sediment of the lake.
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Fig. 3.12. P
tot
 concentrations of Lake Talša deep sediments (sites S1, S2, S3)
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Total nitrogen
The highest concentration of total nitrogen, 15.1 mg g-1 DW, was analysed in the
sediment surface (Fig. 3.13). The content decreased to 10.4 mg g-1 DW in the depth
of 18-21 cm. This content was the lowest total nitrogen concentration in the analysed
samples, since the contents increased to 13.7 mg g-1 DW in the depth of 27-32 cm.
The main part of the nitrogen is bound to organic matter in sediments and thus
the graphs of the Ntot and IL are corresponding.
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Fig. 3.13. N
tot
 concentrations of Lake Talša surface sediments (site S4).
C:N Ratio
The ratio of total carbon and total nitrogen (C:N) concentrations is especially used
to define the source of organic matter in the sediment. This matter could be formed
inside (autochthonous) as well as outside (allochthonous) the lake ecosystem.
Hansen (1961) determined that if the C:N ratio is less than 10, organic matter is
autochthonous and if the ratio is more than 10, organic matter is allochthonous. In
the sediment samples of Lake Talša, C:N ratio varied between 13.2 and 17.1, thus
organic matter is delivered into the lake. Fig. 3.14 shows C:N ratio of Lake Talša
sediment samples.
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Fig. 3.14. C:N ratio of Lake Talša surface sediments (site S4).
General composition
Specialists of LUA determined visual characteristics of the sediment, as well as soil
determinations, from three sites of the lake. In the southern sampling site (S1),
samples were grey or black except the deepest sample, it was brown. In this site
the soil was determined as a sapropel, and the samples were taken from the depth
of 1.0 to 4.0 m. The soil of the samples from the middle part of the lake (S2), near
the rowing stadium, was determined as a medium decomposition peat. The
sampling depth was from 1.4 to 3.0 m. Like in the northern part of the lake, the soil
of the samples from the northern part (S3) was sapropel. They were taken from
2.3 to 3.6 m. Fig. 3.6 shows the sampling sites and Table 3.5 shows the sediment
definitions.
Hansen (1961) concluded that if the C:N ratio is less than 10, the humus is
neutral humus and the sediment is gyttja. If the C:N exceeds 10, gyttja is mixed
with acid humus and the sediment is dy. The C:N ratio of the Lake Talša sediments
indicates clearly that the sediment is dy.
Table 3.5 The definition of Lake Talša sediment samples (taken and determined by LUA).
Site no Depth Soil definitions
S1 1.0-1.5 grey sapropel
1.5-2.0 dark grey sapropel
2.0-2.5 dark grey sapropel
2.5-3-0 black sapropel
3.0-3.5 black sapropel
3.5-4.0 brown sapropel
S2 1.4-2.0 medium decomposition peat
2.0-2.5 medium decomposition peat
2.5-3.3 medium decomposition peat
S3 2.3-3.0 dark grey sapropel
3.0-3.6 brown sapropel
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Metal concentrations of the sediment
Chromium concentrations of the sediment samples rose over the target value in
the sampling site No. S3. This sample was taken from the depth of  2.3 to 3.0 m
and the content was 120 mg kg-1 DW (Fig. 3.15). The concentrations of the chromium
did not rise over the target limit in the other samples.
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Fig. 3.15. Chromium concentrations in Lake Talša sediments (sites S1, S2, S3). The dash line
is the “target value” (see Table 3.3).
The highest copper content, 64 mg kg-1 DW (Fig. 3.16), was analysed in the sample
from the depth of 1.0-1.4 m on the site S1. Excluding this highest analysing result,
the copper concentrations varied between 2 and 14 mg kg-1 DW. For copper, the
target value is 100 mg kg-1 DW.
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Fig. 3.16. Copper concentrations in Lake Talša sediments (sites S1, S2, S3).The dash line is
the “target value” (see Table 3.3).
In four samples, the contents of lead were over 2 mg kg-1 DW, which is the
determination limit for the lead concentrations (Fig. 3.17). The highest contents,
8?mg kg-1 DW were analysed from the site S3 samples.
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Fig. 3.17. Lead concentrations in Lake Talša sediments (sites S1, S2, S3). The dash line is the
“target value” (see Table 3.3).
Cadmium concentrations were low in the analysed samples. Most of them were
under the determination limit, which is 0.1 mg kg-1 DW and the others varied
between 0.1 and 0.2 mg kg-1 DW.
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Toxicity of the sediment
The sediment pore water was found out to be non-toxic in all tested samples and
the pH values varied between 7.61 and 8.07. Table 3.6 shows the toxicity test results.
Table 3.6. The acute toxicity and the pH values of the sediment pore waters of Lake Talša (site S4).
Sample pH Toxicity
0-2 cm 7.61 No toxic effect
2-4 cm 7.72 No toxic effect
4-6 cm 7.87 No toxic effect
6-8 cm 8.07 No toxic effect
8-10 cm 7.85 No toxic effect
In the sample from the site Tx4, clear acute toxicity was observed by means of the
FLASH method test. The sampling depth of this sample was 30-40 cm. As well, the
sample from the surface of this site was determined as slight acute toxic. The slight
acute toxicity was found out also in the samples from sites Tx2 (30-40 cm) and Tx3
(0-10 cm). Table 3.7 summarises the FLASH method test results.
Table 3.7. The acute toxicity of the solid samples of the sediment of Lake Talša (sites Tx1-Tx5).
Site Depth Inhibition-% Toxicity
Tx1 0-10 not toxic not toxic
30-40 not toxic not toxic
Tx2 0-10 not toxic not toxic
30-40 7.8 slight acute toxicity
Tx3 0-10 3.0 slight acute toxicity
30-40 not toxic not toxic
Tx4 0-10 19.3 slight acute toxicity
30-40 75.2 clear acute toxicity
Tx5 0-10 not toxic not toxic
30-40 not toxic not toxic
Quantity and thickness of the soft sediment
The echo sounding results show that the thickness of the soft sediment is high in
Lake Talša. Especially, on the southern part of the lake, the thickness rose up to
nine metres (Fig. 3.18). On the northern part of the lake, the highest thickness of
the soft sediment was investigated to be five metres (Fig. 3.19). The thickness of
the sediment is shown in Fig. 3.20. The volume of the lake is about 2 x 106 m3 and
the volume of the sediment is about 1.5 x 106 m3.
The cross-section figures are made by combining the figures of the echo
sounding sites.  The southern cross-ssection is marked No. 2  and the northern
cross-section is marked No. 1 in Fig. 3.20. In the left upper corners of Figs. 3.18 and
3.19 the profiles are shown using the real scale.
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Fig. 3.18. The cross-section figure from the southern part of  Lake Talša (No. 2 in Fig. 3.20).
Fig. 3.19. The cross-section figure from the northern part of  Lake Talša (No. 1 in Fig. 3.20).
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Fig. 3.20. Thickness of sediment of Lake Talša and sites of the echo sounder investigation on
Lake Talša.
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Water quality modelling
4.1 General
One of the main problems in Lake Talša is eutrophication. By definition,
eutrophication of lakes is increased growth of phytoplankton. The main reason
for eutrophication of Lake Talša, like in most European lakes, is phosphorus loading.
Therefore, phosphorus and phytoplankton models were applied to describe the
response of the lake to the changes of phosphorus loading. Steady state mass
balance models were considered to be the most suitable from the point of view of
the availability of the data. A dynamic phytoplankton model was applied to
illustrate the behaviour of the lake during a growing season.
As dredging has been planned as one option for restoration of the lake a
model was also applied to describe the duration of turbid period in Lake Talša.
Steady state mass balance models for phosphorus have long been successfully
applied to describe the average degree of eutrophy in lakes (e.g. Vollenweider
1969, Lappalainen 1974, 1977, Dillon and Rigler 1974, Frisk et al. 1981). This kind of
models are practical in strategic planning when the effects of different loading
scenarios on the status of the lake are predicted. However, temporal variations of
water quality cannot be described by means of these models even though changes
between successive steady states can be calculated (transient models).
A dynamic phytoplankton model was also applied to the lake. The data
available was scanty but experience from other lakes resembling Lake Talša could
be utilized. The history of dynamic phytoplankton models is almost as long than
that of steady state phosphorus models (e.g. Chen and Orlob 1972, Norton et al.
1974, Gaume and Duke 1975, Kinnunen et al. 1982). The model applied here is
based on the version developed for shallow lakes and successfully applied e.g. to
Lake Võrtsjärv in Estonia (Frisk et al. 1998, Frisk and Bilaletdin 1999) and to Lake
Burtnieks in Latvia (Bilaletdin et al. 2004)
4.2 Material and methods
4.2.1 Steady state phosphorus modelling
As the basic model in this study, the model of Vollenweider (1969) was used. In the
model, input, output and net sedimentation of phosphorus are considered. Input
is the same as the total loading of phosphorus. CSTR hydraulics is applied and
therefore output can be calculated as the product of discharge and phosphorus
concentration in the lake. Net sedimentation represents the difference between
gross sedimentation and release from the sediment. It is described as a first order
loss reaction. The basic mass balance equation can be written as follows:
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cc
V
Q
V
I
dt
dc s--= (1)
where
c = total phosphorus concentration (M L-3)
t = time (T)
I = total phosphorus input (M T-1)
V = volume of the lake (L3)
Q = discharge of the lake (L3  T-1 )
? = first order net sedimentation coefficient of phosphorus ( T-1).
Dimension symbols: M = mass, L = length, T = time.
The steady state solution of Eq. (1) can be obtained by setting the derivative of the
left-hand side as zero. Thus:
VQ
Icss s+
= (2)
where
css = steady state total phosphorus concentration (M L
-3)
One possibility is to apply the steady state model of Vollenweider (Eq. 2) together
with the statistical equation of Canfield and Bachmann (1981). Their equation is
based on a large data set and it has found to give good results in most lakes. The
model can be written as follows:
458.0
162.0 ÷
ø
ö
ç
è
æ=
V
I
s (3)
Phosphorus input (I) must be given in mg a-1 and volume in m3. Eq. (3) gives ? in
a-1. The other possibility is the steady state model of Lappalainen (1974) and Dillon
and Rigler (1974):
IcRc )1( -= (4)
where
R = retention coefficient of phosphorus, indicating the share of incoming
phosphorus retained in the lake (dimensionless)
Q
IcI =
R can be calculated by means of several statistical models. For our purpose, a suitable
model is the one presented by Lappalainen (1977), modified by Frisk (1978):
Tc
TcR
I
I
+
=
280
9.0 (5)
where
T = theoretical detention time Q
V(T) = .
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cI must be given in mg m
-3 and T in months.
Eqs. (2), (3), (4) and (5) where applied in order to study how much sedimentation
could improve water quality.
For applying the models, the catchment of the lake was divided into sub-
catchments. Phosphorus loading was calculated for each sub-catchment. Table 4.1
shows the discharges of the incoming rivers and ditches, areas of the sub-
catchments and the mean total phosphorus concentrations. Phosphorus loading
has been calculated as the product of discharge and concentration.
Discharges were calculated using the runoff value of 7.5 l s-1 km-2, typical of
Lithuania. The mean total phosphorus concentration in 1997-2001 was determined
as 56 µg l-1. The highest mean concentrations of the incoming waters (562 µg l-1)
were determined in rain water ditch No. 14. The volume of the lake was estimated
on the basis of the echo sounding results: V = 2 x 106 m3.
Table 4.1. Areas of the sub-catchments, discharges, mean total phosphorus (P
tot
) concentration and loading. r = the rest of
the catchment. The locations of the loading points have been presented in Fig. 3.1.
Site No. area discharge years mean P
tot
 P
tot
(km2) (l s-1) concentration loading
 (mg l-1) (kg d-1)
6 28.30 212.3 97-01 56 1.03
23 2.00 15.0 98-01 70 0.09
13 0.55 4.1 98-01 333 0.12
14 1.65 12.3 98-01 562 0.60
16 0.11 0.8 98-01 384 0.03
r 0.59 4.4 95-01 70 0.03
Total 33.20 249.0
Outflow 33.20 97-01 122
4.2.2 Dynamic phytoplankton modelling
The water quality model was developed in order to make predictions of the effects
of the different possible water protection measures planned to be carried out. In
the selection of the structure of the model and its state variables, this was the
starting point. The most serious problems of water quality are connected with
eutrophication, and therefore the model must be capable of predicting
concentrations of nutrients and phytoplankton. Due to the lack of other biological
(quantitative) data, only phytoplankton was included in the model.
Lake Talša is an eutrophic shallow lake. The lake has usually no thermal
stratification during ice-free periods and the winter-time stratification is also weak.
Thus continuously stirred tank reactor (CSTR) hydraulics was considered to be
suitable in describing the mass balances of the lake. Dynamic CSTR models have
been earlier applied to shallow Finnish lakes e.g. by Kettunen (1981) and Malve et
al. (1991).
The state variables of the model are the following: concentration of soluble
reactive phosphorus (SRP), phytoplankton biomass and concentration of dissolved
oxygen (DO) (Fig. 4.1) The physical, chemical and biological processes were
described applying the same principles as in the previous Finnish studies for Lake
Lappajärvi (Malve et al. 1991), Lake Roine (Bilaletdin et al. 1993), Lake Säkylän
Pyhäjärvi (Malve et al. 1994) and Lake Längelmävesi (Frisk et al. 1997).
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Fig. 4.1. The schematic representation of the lake water quality model
Due to the lack of proper data of dynamic phytoplankton modeling, the
application of Lake Võrtsjärv in Estonia (Bilaletdin et. al 1998) was used in determing
the constants in following equations. The biggest problem concerning the state
variables was the lack of phytoplankton or chlorophyll-a data. Lake Võrtsjärv is
geographically and geologically relatively similar to Lake Talša.
According to the CSTR hydraulics the lake is considered to be homogenous
and thus the concentration at the outlet is equal to the concentration in the lake.
The basic mass balance equation for the substance considered can be written as
follows:
dm
dt
I Q c S V
c
c c= - + (6)
where
mc = total amount of the substance considered (M)
t = time (T)
Ic = total input of the substance considered (M T
-1)
Q = discharge at the outlet of the lake (L3 T-1)
c = concentration in the lake (M L-3)
Sc = the effect of physical, chemical and biological processes on the
concentration  (M L-3 T-1)
V = volume of the lake (L3).
The general dimension symbols are the following: M = mass, L = length and T =
time.
dV
dt
Q Q P Ein l l= - + - (7)
The Finnish Environment 70234
where
Qin = input discharge (L
3 T-1)
Pl = precipitation (L
3 T-1)
El = evaporation (L
3 T-1).
The total amount of the substance (mc) can be calculated as the product of
concentration (c) and volume (V). When we take into account this and combine
the difference of precipitation and evaporation with the inflow value (Qin) we can
rewrite Eq. (6) in the form:
dc
dt
I
V
Q
V
c S
c in
c= - + (8)
Eq. (8) is the basic formula of the model. For each constituent simulated with the
model, an equation like (8) was written, where c  = the value of the state variable
considered, Ic = the external loading of the state variable c, and Sc = the effect of
physical, chemical and biological (= non-hydraulic) processes on the value of the
state variable c. For example, for soluble reactive phosphorus (P), the external
loading is written as IP and the effect of non-hydraulic processes as SP.
The non-hydraulic processes influencing biomass of the phytoplankton
simulated are growth, respiration and sedimentation. In respiration, all mortality
of phytoplankton, including grazing by zooplankton, is included. For the biomass
of phytoplankton the following equation was used:
S BB B B B= - -( )m r s (9)
where
B = the biomass of phytoplankton (M L-3)
µB = growth rate coefficient of phytoplankton (T
-1)
rB = respiration rate coefficient of phytoplankton (T
-1)
sB = sedimentation rate coefficient of phytoplankton (T
-1).
Coefficients µ, r and s are dependent on temperature. In the model, the
temperature correction function of Frisk and Nyholm (1980) was used:
k T k T f Ts( ) ( ) ( )= (10)
where
k(T) = reaction rate coefficient at temperature T (T-1)
k(Ts) = reaction rate coefficient at standard temperature Ts (T
-1)
f(T) = temperature correction function
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where
a and b = empirical parameters characteristic of each reaction rate coefficient.
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If the reaction has an optimum temperature, as growth, it can be calculated on the
basis of coefficients a and b:
T
a
b
opt =
-1
(12)
where
Topt = the optimum temperature of the reaction.
The growth rate coefficients are also described as dependent on light and nutrients.
For phytoplankton the following equation was used:
)()()( PfLfTf BBBBSB ×××= mmm (13)
where
µBS = the standard value of the growth rate coefficient of phytoplankton (T
-1)
fµB(T) = temperature correction function for the growth of phytoplankton
fB(L) = light limitation function for the growth of phytoplankton
fB(P) = phosphorus limitation function for the growth of phytoplankton
The phosphorus and light limitation functions have the form of Michaelis-Menten
equation:
f P
P
K P
B
PB
( ) =
+
(14)
where
P = soluble reactive phosphorus (SRP) concentration (M L-3)
KPB = half-saturation constant of phosphorus for phytoplankton (M L
-3).
For describing light limitation, the Michaelis-Menten function is integrated in order
to obtain the average value of the limitation function between the surface and the
average depth of the water:
f L
H
K
L
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e e (15)
where
L = global irradiance on the surface of the lake (M T-3,e.g. W m-2)
KLB = half-saturation constant of light for phytoplankton (M T
-3,e.g. W m-2)
e = light absorption (extinction) coefficient (L-1)
H = average depth of the lake (L).
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Light absorption coefficient was calculated using a statistical equation calculated
on the basis of Lake Võrtsjärv data:
e =
- - + +
1
07633 0 00858 0 0105 0 0000738 0 0001012. . . . .S B B B S (16)
where
e  = light absorption coefficient (m-1)
S = constant suspended solids concentration 10 (mg l-1)
B = biomass of phytoplankton, (mg l-1).
The phosphorus cycle in the model includes the uptake of phosphorus by
phytoplankton as well as the release of phosphorus in respiration and from the
sediment. The equation describing the effect of non-hydraulic processes on the
concentration of soluble reactive phosphorus is the following:
P
H
IBBS PBPBBPBBPP srama -++-= (17)
where
aBP = phosphorus content of phytoplankton (M M
-1)
IBP = internal loading of phosphorus (M T
-1 L-2), dependent on temperature
according to Eq. (11)
H = average depth of the lake (L).
sP = sedimentation coefficient of SRP (T
-1).
The growth and respiration parameters (µ and s) have been explained in connection
with Eq. (9).
In calculating the concentration of dissolved oxygen concentration the
following processes were considered: reaeration, production of oxygen in
photosynthesis, consumption of oxygen in respiration, and benthic oxygen
demand. The equation was as follows:
H
IBBOOkS BOBBBBSaO --+-= rama rm)( (18)
where
O = dissolved oxygen concentration (M L-3)
Os = saturation concentration of dissolved oxygen (M L
-3)
ka = reaeration coefficient (T
-1)
aµB = amount of oxygen produced in photosynthesis of phytoplankton per
unit growth (MM-1)
arB = amount of oxygen consumed in respiration of phytoplankton per
unit respiration (MM-1)
IBO = benthic oxygen demand coefficient (M T
-1 L-2), dependent on
temperature acording to Eq. (11).
The reaeration coefficient is dependent on wind speed and the depth of the lake
in the following way:
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k
k w
H
a
as
= (19)
where
ka = reaeration coefficient (d
-1)
kas = standard value of the reaeration coefficient
w = wind speed (m s-1).
The saturation concentration of dissolved oxygen (in mg l-1) is a function of
temperature:
O T T Ts = - + - × -14 652 0 410 0 007991 7 7774 102 5 3. . . . (20)
where
T = water temperature (°C).
4.2.3 Turbidity modelling
A dynamic model was constructed to study the effects of dredging. The model
was used to estimate the temporal extent of turbidity caused by the release of
suspended solids from the sediment to the water column. Hydraulic formulation
of the model is similar to the phytoplankton model (Eq. 7). The Non-hydraulic
process governing turbidity was considered to be settling. To estimate settling
Stokes' law was applied to determine particle settling velocities. According to Stokes'
law settling velocity is dependent on particle density, particle diameter and water
temperature (Eq. 21).
2)(
18
648
pwps d
g.V rr
m
-= (21)
where
Vs = Stokes velocity for particle with diameter dp and density rp  (m day
-1)
g = acceleration of gravity = 981 (cm s-2)
µ = absolute viscosity of water = 0.01 poise (g cm-3 s-1) at 20 OC
rp = density of the solid (g cm
-3)
rw = density of the water 1.0 (g cm
-3)
dp = particle diameter (mm).
4.3 Results and discussion of modelling
4.3.1 Steady state modelling
In calculating the phosphorus balance of the lake it was found that the mixing
concentration of phosphorus, i.e. total input / discharge (cI in Eq. 4) is approximately
the same as the average concentration in the lake. This means in practise that that
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there is no net sedimentation of phosphorus (s = 0 in Eqs. 1 and 2). Because
sedimentation of phosphorus is generally more efficient in winter that in summer
it is very likely that there is net release of phosphorus from the sediment in summer.
The two models, Canfield and Bachmann (1981) and Lappalainen (1977) gave
results that do not differ very much from each other  (Fig. 4.2). Thus, the results
calculated using the methods of Canfield and Bachmann (1981) are presented here.
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Fig. 4.2. Total phosporus concentration calculated with two models Canfield and Bachmann
(1981) and Lappalainen (1977).
Attention has been paid to the main loading sources, river Kulpë from Lake Rëkyva
and storm water ditch No. 14.  The following scenarios were particularly studied:
1) the loading of storm water ditch No. 14 into Lake Talša is totally removed, 2)
total phosphorus concentration of the water coming from Lake Rëkyva is reduced
by 20 µg l-1.
The calculations (Fig. 4.3) indicate that the either removal of the input of ditch
No. 14 or decrease of the concentration in the water coming from Lake Rëkyva is
efficient alone. If these measures were carried out together phosphorus
concentration would be about half of the present level. Even then the lake would
be highly eutrophic. Therefore, it would be very important to make the normal
retention mechanism of phosphorus function. The functioning of the retention
mechanism is in connection with the trophic status of the lake. A general, perhaps
slightly rough rule in predicting if the retention mechanism of phosphorus is
working is based on total phosphorus concentration in the lake: if it is less than 40
µg l-1 the retention mechanism is working (Frisk 1978, Frisk et al. 1981).
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Fig. 4.3. Total phosphorus concentration in Lake Talša  with the different loading scenarios
calculated by means of Canfield and Bachmann´s (1981) model together with Vollenweider´s
(1969) model. The arrows indicate the effect of retention: the upper lines represent the situation
in which the sedimentation coefficient s = 0, the downer lines the situation in which s is
calculated using Eq. (3).
The results with the present loading situation (Fig. 4.3) indicate that
phosphorus concentration would be about half of the present if the sedimentation
(retention) mechanism of phosphorus worked properly in the lake. If the main
ditch of storm (rain) water (ditch No. 14, Fig. 3.1) were removed phosphorus
concentration would be clearly lower than in the present situation. In that case
phosphorus concentration would be between 30 and 40 µg l-1 if the sedimentation
mechanism worked (Fig. 4.3).
In summer, phosphorus concentration in Lake Talša is very high. There has
been an idea to lead additional water from Lake Rëkyva, which would have a
positive effect on Lake Talša. A modelling exercise was made to study this
phenomenon. Eq. (1) has the following solution:
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where
c(t) = phosphorus concentration at time t (M L-3)
c0 = initial phosphorus concentration, i.e. c(0) (ML
-3)
css = steady state phosphorus concentration (ML
-3) (Eq. 2)
The calculations were made using different initial values of phosphorus
concentration in Lake Talša. As the sedimentation coefficient, the value of 1 a-1 was
used. The results (Figs. 4.4 and 4.5) indicate that additional water would have a
great effect on Lake Talša. However, the effect is strongly dependent on the
difference between phosphorus concentrations in Lakes Rëkyva and Talša.
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Fig. 4.4. The effect of additional water from Lake Rëkyva on total phosphorus concentration
in Lake Talša during 60 days. Additional input of water DQ = 0.5 m3 s-1.
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Fig. 4.5 The effect of additional water from Lake Rëkyva on total phosphorus concentration
in Lake Talša during 60 days. Additional input of water DQ = 0.25 m3 s-1.
Phosphorus balance calculations were also made for Lake Rëkyva. Phosphorus
input into the lake is not known. However, the observed concentrations are high,
44?µg?l-1 in 1998-2001 and 55 µg l-1 in 2001. Calculations were made using Eqs. (1)-
(3) for estimating the input into the lake with the assumptions that there is a normal
retention and that there is no retention. The truth is maybe somewhere between
in.
Table 4.2.  Calculated total phosphorus loading and mixing concentration into Lake Rëkyva. The calculations have been
made for three total phosphorus concentrations: 55 µg l-1, 44 µg l-1, and 30 µg l-1, the last of which is considered to be a
favourable concentration. In the calculations the following values were used: volume V = 24 x 106 m3 and discharge Q =
0.2123 m3s-1.
Retention Phosphorus concentration Phosphorus input Mixing concentration
µg l-1 kg a-1 µg l-1
Normal (Eq. 3) 55 1 987 297
No retention 55 396   55
Normal (Eq. 3) 44 1 388 212
No retention 44 296 44
Normal (Eq. 3) 30  773 116
No retention 30  202  30
The phosphorus input into Lake Rëkyva is high at present. In this study, it was
impossible to make a detailed phosphorus balance of Lake Rëkyva. It is very
important that the specialists of Šiauliai City would try to find the reasons for the
high phosphorus loading and means for its reduction.
In order to make the sedimentation mechanism work the trophic status (in
practice phosphorus concentration) should be made lower than today. Phosphorus
input should be reduced as much as possible. Attention must also be paid to water
protection of Lake Rëkyva because phosphorus concentration coming from that
lake is also too high for a favourable development of Lake Talša.
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4.3.2 Dynamic phytoplankton modelling
The model was applied using the following scenarios:
- The present situation (scenario 1)
- Loading from Lake Rëkyva is reduced by decreasing the phosphorus
concentration in the water coming into Lake Talša by 20 µg l-1 (scenario 2).
- Loading of all storm water ditches is removed (scenario 3).
- Both of the above mentioned removals are carried out (scenario 4).
As the phytoplankton data available for calibration is very scanty attention must
be paid to the relative differences between the different scenarios and not to the
absolute biomass values. It can be seen that phytoplankton biomass (Fig. 4.6) will
still be high with the reductions of scenario 4. The results are well in accordance
with the results of steady state modelling and correspond to the situation in which
there is no phosphorus retention. On the basis of dynamic model it can be calculated
that there is considerable internal loading of phosphorus from the sediment.
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Fig. 4.6. The simulated phytoplankton biomass in Lake Talša with different loading scenarios.
In order to improve water quality internal loading should be reduced. The reduction
of internal loading of phosphorus by 20% has a clear effect on phytoplankton
biomass (Fig.4.7). In Fig. 4.8 there is a comparison of scenarios 1 and 4 with the
present internal loading and the internal loading reduced by 20%.
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Fig. 4.7. The simulated phytoplankton biomass in Lake Talša with different loading scenarios
in the case in which internal phosphorus loading has been decreased by 20%.
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Fig. 4.8. The effect of reduction of internal phosphorus loading by 20% on phytoplankton
biomass in Lake Talša with scenarios 1 and 4.
The results show clearly the same phenomenon as was found by means of steady
state modelling: the retention mechanism of phosphorus has been destroyed.
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4.3.3 Turbidity modelling
In the assessment of the effects of the possible dredging on turbidity the following
basic assumption were used:
- The dredging lasts 100 days.
- Suspended solids are released at the rate of 20 t d-1.
- Suspended solids are removed with flushing and settling.
The released suspended solids is divided into three classes according to particle
characteristics (Table 4.3). The released amount is assumed to be equal (1/3) in each
class. Settling velocity in class SS1 is virtually zero due to small particle diameter in
contrast to classes SS2 and SS3 where settling is a dominant means of removing
suspended solids from the water column.
Table 4.3. Particle characteristics of suspended solids classes used in turbity modelling.
Particle diameter (mm) Particle density (g cm-3)
SS1 0.0001 2.0
SS2 0.0020 2.0
SS3 0.0100 2.0
The results (Fig. 4.9) indicate that the water would be turbid for 1-2 years.
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Fig. 4.9. The effects of possible dredging on suspended solid concentration in Lake Talša. See
Table 4.3.
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Methods of restoration
5.1 General
In this chapter different possible restoration methods and their effects on the status
of Lake Talša are discussed,  and recommendations are given on how to proceed.
The restoration methods discussed are the following: removing the loading of
rain water from the city area, dredging, leading extra water from Lake Rëkyva,
oxygenation,  application of precipitation chemicals and raising water levels. In
addition, the possibilities to improve the water quality of Lake Rëkyva are discussed.
5.2 Removing the loading of rain water from the city
area
The eutrophication of Lake Talša has been caused by external loading. The limiting
nutrient in Lake Talša is phosphorus and therefore attention must be paid
particularly to phosphorus loading. The main source of the phosphorus after the
input from Lake Rëkyva is rain water from the city area (also called storm water).
A lot of phosphorus enters the lake from one rain water ditch (number 14). The
external loading from the rain water ditches could be lead to the wastewater
treatment plant. It is also important that wastewaters from houses that are not
connected into the sewerage system should not enter the lake (through rain water
or private channels). However, removal of rain waters would not be a sufficient
solution to the eutrophication problem of the lake.
One problem in Lake Talša is a bad hygienic status. However, removal of
storm (rain) waters alone would not be a sufficient solution to the eutrophication
problem of the lake.
5.3 Dredging
One method of reducing internal loading is to remove the soft sediment. Dredging
has also been considered as a means of removing heavy metals from the sediment.
Dredging would have harmful side effects. It would make the water turbid
for 1-2 years and the turbidity would be harmful for both the use of the lake for
recreation and for the biota of the lake. Dredging would enhance the release of
nutrients from the sediment and make the lake temporarily still more eutrophic. It
would also release toxic heavy metals from the sediment. The amount of benthic
animals would reduce along with the removal of the sediment. Fish stocks would
seriously suffer or even totally collapse and it would take along time before a sound
ecosystem would develop. As a method of reduction of internal loading dredging
can be considered to be inefficient because to have a good effect all the soft sediment
should be removed which is practically impossible.
5
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One major problem is also the placement of the sediment. If the sediment is
located too close to the shore the nutrients will return into the lake. In order to
reduce internal phosphorus loading the soft sediment should be totally removed.
Otherwise the method is not effective. The method is very expensive and
technically difficult and the amounts of sediment to be removed are very great
(Table 5.1). They have been calculated assuming that the thickness of 1-1.5 metres
is removed. Total removal of the soft sediment would mean a much greater amount,
up to 2 million m3.  Before trying other options, this method cannot be
recommended.
Table 5.1. The dredging amount calculated by LUA and costs approximated in EURO by PREC. The first row does not represent
the sum of the rows 1-4 but is calculated on the basis of area (0.5 km2) and thickness (1 m).
m3 EURO
Lake Talša (dredging thickness 1 meter) 500 000 2 500 000
1 - southern part of lake (beach, factory and cemetery) 227 000 1 135 000
2 - western part of lake 153 000  765 000
3 - wetland between lakes till canal connecting lakes 239 700 1 199 000
4 - rowing track (200m x 50m x 3 m). 30 000 150 000
5.4 Leading extra water from Lake Rëkyva
After removing the external loading the situation of Lake Talša could be improved
by leading extra water from Lake Rëkyva. The water could be stored during spring
time by raising water level of Lake Rëkyva and water should be lead to Lake Talša
during summer time, when the phosphorus concentration will be high. The effect
of the flushing has been estimated using a transient phosphorus balance model. It
was found that e.g. the concentration of  200 mg P l-1 in early summer could be
decreased into half by leading additional water so that the water level of Lake
Rëkyva would go down by 10 cm in the time of one month. The method would be
more efficient if phosphorus concentration in Lake Rëkyva were lower.
Particular efforts should be made to find the reasons for the high phosphorus
input and concentration of Lake Rëkyva. It would be important to find methods to
reduce phosphorus loading.
5.5 Oxygenation
Even if external loading could be reduced the recovery of the lake might take a
long time because of internal loading. Internal loading can be reduced by means
of several restoration methods. One of the most widely applied method is
oxygenation of the lake. It is mainly based on the idea that iron is oxidized into
ferric (Fe3+) form which binds phosphorus in the sediment. The deepest parts of
the lake may occasionally suffer from oxygen depletion. In the deeper layers of
the sediment, anoxia is natural but if the sediment surface is aerobic, phosphorus
cannot return into the water, assuming that there is sufficiently iron present. The
ice covered period of Lake Talša is two months and there have been no observed
oxygen problems in Lake Talša.
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5.6 Application of precipitation chemicals
It is possible to apply precipitation chemicals to decrease phosphorus concentration.
Both iron and aluminium chemicals can be used. Iron can be used in lakes in which
low oxygen content is no problem. So iron precipitation would be in principle
possible in Lake Talša. However, iron does not give permanent trapping to
phosphorus but phosphorus will be dissolved into the interstitial water of the
sediment as soon as iron is reduced into ferrous form (Fe2+).
Aluminium phosphate is a permanent compound in the sediment and by
means of aluminium precipitation phosphorus can be permanently removed from
the biological cycling. However, aluminium causes acidification and is toxic to fish
at low pH values. Low pH values are probably no problem in Lake Talša.
Chemical precipitation is useful only in cases in which the external loading
has been removed or reduced into an accepted value from the point of view of the
lake’s capacity. In these cases precipitation may make the recovery of the lake
more rapid.
5.7 Raising water levels
In many cases the state of the lake would be better if the water levels were higher.
The volume of the lake would be large which would make retention of phosphorus
more efficient. Also if macrophytes on the shore are a problem, their growth could
be reduced by raising water level. In practice, raising of water level may be
impossible if there are houses, other constructions and cultivated fields on the
shoreline. In many cases a more suitable method is to raise only the lowest water
levels. The most serious water quality problems often occur when the water levels
are the lowest. The effects of this method can be estimated using a dynamic
phytoplankton model. When Lake  Talša is considered, raising water level may be
unrealistic and it is most probably ineffective if external phosphorus loading cannot
be removed.
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Recommendations
External phosphorus loading should be reduced as much as possible. Rain waters
(particularly the main ditch No.14) should be led off from Lake Talša or treated
efficiently.
The main source of phosphorus is the incoming water of Lake Rëkyva. Even
if phosphorus concentration  in Lake Rëkyva is lower than in Lake Talša it is not
low enough for a favourable development. Also Lake Rëkyva is in a highly eutrophic
status and its phosphorus concentration should be much lower than today. For
that purpose, a detailed investigation should be made about the nutrient sources
of Lake Rëkyva in order to find the means how to decrease phosphorus loading of
the lake.
Dredging is not recommended as a method of restoration. It is inefficient
unless the soft sediment is entirely removed. That would be very expensive.
Dredging would have harmful side effects on the ecology of the lake.
There is a lack of biological data of Lake Talša. As a EU country Lithuania
must implement the Water Framework Directive (WFD). It is recommended that
the monitoring programmes required by the directive, including also biological
variables, are started as soon as possible on Lake Talša Rëkyva. According to WFD
they must be operating by the end of 2006.
The development of Lake Talša towards an international venue for water sports
water requires good chemical and ecological status of water. In addition, water
construction measures seem to be necessary. They do not belong to lake restoration
per se but if such measures will be carried out their harmful side effects must be
assessed in advance.
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Appendix 1. The analysed water concentrations of Lake Talša,
streams and ditches.
Site Date pH P
tot
PO
4
-P NH
4
-N NO
3
-N NO
2
-N
(mg l-1) (mg l-1) (mg l-1) (mg l-1) (mg l-1)
Lake Talša 10.1.1995 6.80
Lake Talša 25.1.1995 8.30 700 520 50
Lake Talša 9.2.1995 8.30 600 900 90
Lake Talša 15.3.1995 8.00 100 1680 60
Lake Talša 19.4.1995 8.30 660 960 100
Lake Talša 23.5.1995 8.10 370 240 140
Lake Talša 29.6.1995 7.80 270 160 390
Lake Talša 25.7.1995 7.80 110 60 420 130 180
Lake Talša 24.8.1995 7.90 120 110 350 430 39
Lake Talša 26.9.1995 8.00 70 10 310 880 21
Lake Talša 16.10.1995 8.30 40 10 270 750 17
Lake Talša 22.11.1995 8.50 70 20 450 520 19
Lake Talša 16.1.1996 7.63 130 110 930 820 19
Lake Talša 13.3.1996 7.37 200 170 880 0 57
Lake Talša 18.4.1996 7.74 230 150 950 2590 61
Lake Talša 17.5.1996 7.86 100 250 0 63
Lake Talša 24.6.1996 7.84 200 730 0 55
Lake Talša 8.7.1996 8.25 200 110 430 370 15
Lake Talša 8.8.1996 8.03 10 260 0 39
Lake Talša 1.4.1997 50 19
Lake Talša 23.4.1997 81 32
Lake Talša 21.5.1997 121 48
Lake Talša 11.7.1997 110 35
Lake Talša 30.7.1997 8.01 130 40 240 230 25
Lake Talša 15.9.1997 8,18 80 10 420 260 27
Lake Talša 15.9.1997 108 42
Lake Talša 21.10.1997 7.87 80 10 230 190 9
Lake Talša 30.11.1997 7.80 70 20 270 420 35
Lake Talša 11.5.1998 96 25
Lake Talša 17.6.1998 138 52
Lake Talša 15.7.1998 81 28
Lake Talša 17.8.1998 112 48
Lake Talša 29.10.1998 87 31
Lake Talša 26.4.1999 103 42
Lake Talša 21.6.1999 7.39 70 20 100 380 3
Lake Talša 21.6.1999 80 35
Lake Talša 18.8.1999 75 33
Lake Talša 12.10.1999 89 28
Lake Talša 22.2.2000 58 32
Lake Talša 23.5.2000 96 38
Lake Talša 13.6.2000 110 48
Lake Talša 26.7.2000 134 48
Lake Talša 9.8.2000 124
Lake Talša 24.9.2000 164 93
Lake Talša 13.10.2000 148 99
Lake Talša 16.10.2000 96 28
Lake Talša 19.4.2001 57
Lake Talša 23.4.2001 112 35
Lake Talša 21.5.2001 104 48
Lake Talša 27.6.2001 115 58
Lake Talša 1.8.2001 125 38
Lake Talša 3.10.2001 135 56
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Site Date pH P
tot
PO
4
-P NH
4
-N NO
3
-N NO
2
-N
(mg l-1) (mg l-1) (mg l-1) (mg l-1) (mg l-1)
6 19.2.1997 40 10 390 3720 22
6 9.4.1997 40 10 60 2700 13
6 13.5.1997 70 20 250 2080 23
6 11.6.1997 60 10 440 1350 32
6 30.7.1997 90 20 180 1120 64
6 15.9.1997 120 90 510 2500 42
6 21.10.1997 50 20 400 2900 23
6 30.11.1997 70 50 1090 2540 50
6 9.2.1998 80 20 290 1990 17
6 2.3.1998 90 10 380 1880 19
6 11.5.1998 50 10 310 1210 9
6 15.7.1998 60 10 50 1410 6
6 24.9.1998 50 10 290 1230 16
6 11.10.1998 30 10 290 2070 29
6 19.2.1999 90 20 490 1740 31
6 23.3.1999 20 10 420 1590 12
6 19.4.1999 50 20 90 1490 22
6 13.5.1999 70 20 100 1830 20
6 15.6.1999 60 20 190 1890 82
6 13.7.1999 80 20 350 2940 126
6 18.8.1999 70 20 280 2190 24
6 6.9.1999 40 30 100 2910 59
6 17.11.1999 10 10 380 3590 12
6 22.2.2000 20 10 150 1920 14
6 28.3.2000 40 10 50 1600 16
6 18.4.2000 50 20 80 1790 14
6 23.5.2000 40 20 80 1790 44
6 12.6.2000 30 20 100 2950 81
6 26.7.2000 70 30 300 2780 109
6 17.10.2000 60 20 80 1540 16
6 28.11.2000 60 20 190 3880 27
6 12.2.2001 117 58 538
6 23.4.2001 51 26 72
6 10.5.2001 38 16 184
6 21.5.2001 46 31 57
6 27.6.2001 51 28 67
6 9.8.2001 42 20 173
6 3.10.2001 36 17 183
8 19.2.1997 160 120 170 880 35
8 9.4.1997 90 30 90 330 9
8 13.5.1997 90 20 110 570 18
8 11.6.1997 240 100 850 530 18
8 30.7.1997 130 40 240 230 25
8 15.9.1997 80 10 420 260 27
8 9.2.1998 80 50 300 910 11
8 2.3.1998 90 60 260 880 13
8 11.5.1998 140 20 390 430 18
8 15.7.1998 140 20 230 270 14
8 24.9.1998 140 50 110 230 16
8 10.11.1998 120 70 130 660 21
8 19.2.1999 110 40 240 1540 17
8 23.3.1999 40 20 160 960 5
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Site Date pH P
tot
PO
4
-P NH
4
-N NO
3
-N NO
2
-N
(mg l-1) (mg l-1) (mg l-1) (mg l-1) (mg l-1)
8 19.4.1999 110 70 100 980 20
8 13.5.1999 80 30 80 380 16
8 15.6.1999 120 30 130 190 33
8 13.7.1999 80 20 260 590 14
8 18.8.1999 30 10 60 460 14
8 6.9.1999 50 20 20 160 4
8 17.11.1999 90 50 120 750 8
8 22.2.2000 100 60 60 1160 9
8 28.3.2000 60 20 80 670 21
8 18.4.2000 130 80 60 830 40
8 23.5.2000 150 80 140 300 19
8 12.6.2000 110 80 110 320 23
8 26.7.2000 280 130 220 120 35
8 17.10.2000 100 40 120 240 17
8 28.11.2000 180 90 50 560 10
8 12.2.2001 158 91 47
8 23.4.2001 324 192 24
8 10.5.2001 116 54 44
8 21.5.2001 118 72 37
8 27.6.2001 147 77 169
8 9.8.2001 125 64 45
8 3.10.2001 90 67 192
13 3.2.1998 780 1680 120
13 10.2.1998 150 2080 18
13 26.2.1998 290 5920 179
13 15.7.1998 500 2960 130
13 17.8.1998 3250
13 9.6.1999 220 710
13 18.8.1999 140 560
13 23.4.2001 480 163 1395
13 10.5.2001 291 206 2948
13 21.5.2001 314 179 1357
13 22.6.2001 320 104 143
13 9.8.2001 190 96 144
13 3.10.2001 323 176 659
13 30.10.2001 547 323 2153
14 3.2.1998 30 3030 720
14 10.2.1998 130 1200 56
14 26.2.1998 1510 12280 189
14 7.5.1998 1990 8600 119
14 9.6.1998 1260 8220 581
14 23.6.1998 1970 6150 430
14 15.7.1998 740 1990 880
14 17.8.1998 2310
14 18.8.1999 690 4030
14 6.9.1999 1410 5320
14 23.4.2001 512 376 1638
14 10.5.2001 336 256 1863
14 21.5.2001 424 307 693
14 22.6.2001 324 160 407
14 9.8.2001 406 320 265
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Site Date pH P
tot
PO
4
-P NH
4
-N NO
3
-N NO
2
-N
(mg l-1) (mg l-1) (mg l-1) (mg l-1) (mg l-1)
14 3.10.2001 400 208 339
14 30.10.2001 378 227 232
16 3.2.1998 900 850 65
16 23.6.1998 50 280 230
16 15.7.1998 760 2740 390
16 17.8.1998 1530
16 18.8.1999 570 400
16 6.9.1999 390 1490
16 23.4.2001 297 107 665
16 10.5.2001 192 112 838
16 21.5.2001 286 208 1109
16 22.6.2001 496 174 337
16 3.10.2001 243 128 653
16 30.10.2001 222 123 571
23 3.2.1998 50 320 20
23 15.7.1998 80 100 8
23 17.8.1998 410
23 18.8.1999 100 310
23 10.5.2001 59 17 171
23 21.5.2001 51 27 59
23 3.10.2001 62 31 70
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Appendix 2. Categories of lake water in Finland
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Chromium Crtot(mg kg-1)
Depth Site No 1 Depth Site No 2 Depth Site No 3
1.0-1.5 m 30
1.4-2.0 m 62
1.5-2.0 m < 2
2.0-2.5 m < 2 2.0-2.5 m W 27
2.3-3.0 m 120
2.5-3.0 m < 2 2.5-3.3 m 13
3.0-3.5 m 3 3.0-3.6 m 27
3.5-4.0 m < 2
Copper Cutot(mg kg
-1)
Depth Site No 1 Depth Site No 2 Depth Site No 3
1.0-1.5 m 64
1.4-2.0 m 7
1.5-2.0 m 7
2.0-2.5 m 5 2.0-2.5 m 5
2.3-3.0 m 14
2.5-3.0 m 3 2.5-3.3 m 6
3.0-3.5 m 4 3.0-3.6 m 8
3.5-4.0 m 2
Lead Pbtot(mg kg
-1)
Depth Site No 1 Depth Site No 2 Depth Site No 3
1.0-1.5 m 5
1.4-2.0 m 3
1.5-2.0 m < 2
2.0-2.5 m < 2 2.0-2.5 m < 2
2.3-3.0 m 8
2.5-3.0 m < 2 2.5-3.3 m < 2
3.0-3.5 m < 2 3.0-3.6 m 8
3.5-4.0 m < 2
Potassium Ktot(mg kg-1)
Depth Site No 1 Depth Site No 2 Depth Site No 3
1.0-1.5 m 110
1.4-2.0 m 68
1.5-2.0 m 39
2.0-2.5 m 50 2.0-2.5 m 62
2.3-3.0 m 740
2.5-3.0 m 44 2.5-3.3 m 140
3.0-3.5 m 50 3.0-3.6 m 570
3.5-4.0 m 29
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Calcium Catot(mg kg-1)
Depth Site No 1 Depth Site No 2 Depth Site No 3
1.0-1.5 m 250000
1.4-2.0 m 74000
1.5-2.0 m 250000
2.0-2.5 m 230000 2.0-2.5 m 130000
2.3-3.0 m 140000
2.5-3.0 m 250000 2.5-3.3 m 33000
3.0-3.5 m 250000 3.0-3.6 m 83000
3.5-4.0 m 290000
Cadmium Cdtot(mg kg-1)
Depth Site No 1 Depth Site No 2 Depth Site No 3
1.0-1.5 m < 0.1
1.4-2.0 m 0.1
1.5-2.0 m < 0.1
2.0-2.5 m < 0.1 2.0-2.5 m 0.1
2.3-3.0 m 0.2
2.5-3.0 m < 0.1 2.5-3.3 m 0.1
3.0-3.5 m < 0.1 3.0-3.6 m < 0.1
3.5-4.0 m < 0.1
Total Phosphorus Ptot(g kg-1)
Depth Site No 1 Depth Site No 2 Depth Site No 3
1.0-1.5 m 0.62
1.4-2.0 m 0.68
1.5-2.0 m 0.34
2.0-2.5 m 0.51 2.0-2.5 m 0.60
2.3-3.0 m 0.82
2.5-3.0 m 0.58 2.5-3.3 m 0.29
3.0-3.5 m 0.64 3.0-3.6 m 0.74
3.5-4.0 m 0.71
Total Nitrogen Ntot(g kg-1)
Depth Site No 1 Depth Site No 2 Depth Site No 3
1.0-1.5 m 12.0
1.4-2.0 m 15.0
1.5-2.0 m 8.6
2.0-2.5 m 11.0 2.0-2.5 m 21.0
2.3-3.0 m 16.0
2.5-3.0 m 9.9 2.5-3.3 m 18.0
3.0-3.5 m 10.0 3.0-3.6 m 22.0
3.5-4.0 m 6.5
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93. Muuttuva ihminen – muuttuva asunto. Ympäristöministeriö.
94. Jauhiainen, Tapani; Vuorinen, Heikki; Heinonen-Guzejev, Marja & Paikkala, Sirkka-Liisa: Ympä-
ristömelun vaikutukset. Ympäristöministeriö.
95. Lind, Tuula  & Pietala, Jorma: Kotipalveluja käyttävien vanhusten kauppamatkat Lahdessa. Ym-
päristöministeriö.
96. The Finnish Background Report for the EC Documentation of  Best  Available Techniques for Pulp
and Paper Industry. Ympäristöministeriö.
97. Alanen, Tommi & Ratia, Pasi: Asuntorakentamisen työllisyysvaikutukset. Ympäristöministeriö.
98. Pitkäjärvi, Jyrki: Geenitekniikalla muunnettujen mikro-organismien ympäristövaikutukset. Suo-
men ympäristökeskus.
99. Viinikainen, Tytti: Yhteiskuntatieteellinen ympäristötutkimus Suomessa. Katsaus tutkimusaloihin
ja kirjallisuuteen. Suomen ympäristökeskus.
100. Pietiläinen, Olli-Pekka & Pirinen, Marja: Typpi- ja fosforikuormituksen vaikutus perifytonon kas-
vuun Kymijoella. Suomen ympäristökeskus.
101. Maataloudesta peräisin olevien nitraattien vesiin pääsyn rajoittamista koskeva valtioneuvoston
päätösehdotus. – Työryhmän mietintö. Ympäristöministeriö.
102. Suurmyymälätyöryhmän mietintö. Ympäristöministeriö.
103. Kilpi, Mikael & Asanti, Timo (toim.): Saaristolinnuston suojelun nykytila Suomen rannikoilla. Suo-
men ympäristökeskus.
104. Björklöf, Katarina: Merkkigeenien käyttö geeniteknisesti muunnettujen mikro-organismien seu-
rantaan ympäristössä. Suomen ympäristökeskus.
105. Filatov & Heinonen: Results of the Finnish-Russian Joint Study of the Lakes Onega, Ladoga and
Saimaa Conducted in the Summer of 1990. Suomen ympäristökeskus.
106. Hukkanen, Tiina: Puutaloprojekti. Ympäristöministeriö
107. Paldanius, Jari: Vuorovaikutteisen suunnittelun kokemuksia Suomessa. Ympäristöministeriö.
108. Biodiversiteettityöryhmä: Ympäristöministeriön toimintaohjelma luonnon monimuotoisuuden säi-
lyttämiseksi. Ympäristöministeriö.
109. Lahti, Pekka; Heinonen, Sirkka; Koski, Kimmo & Tolsa, Heimo: Kestävä kehitys aluerakenteessa.
Kansainvälisiä näkemyksiä, suomalainen sovellus. Ympäristöministeriö.
110. Water and Wastewater  Management in Finland and Fifteen Other European Countries. Ympäris-
töministeriö.
111. Luontokoulutyöryhmä: Luontokoulutoiminta. Palvelut. Kehittämisideat. Verkostot.  Ympäristö-
ministeriö.
112. Sipilä, Kaija: Luonto- ja leirikoulutominta osana maaseudun kehittämistä. Ympäristöministeriö.
113. Itämeren tila. Ympäristöministeriö.
114. Siikanen, Antti: Kotitalous ja asumismenot.  Selvitys lama-ajan asumismenoista. Ympäristöminis-
teriö.
115. Äystö, Virpi: Rehevien järvien kunnostusten arviointi. Suomen ympäristökeskus.
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116. Kleemola, Sirpa & Forsius, Martin: 6th Annual Report 1997.  UN ECE Convention on Long-Range
Transboundary Air Pollution, International Co-operative Programme on Integrated Monitoring of
Air Pollution Effects on Ecosystems. Suomen ympäristökeskus.
117. Marttunen, Mika & Kylmälä, Petri: Kalakantojen hoitomalli Inarijärven kalaistutusten vaikutusten
arvioinnissa. Suomen ympäristökeskus.
118. Viirikorpi, Paavo: Eteneekö lähiöuudistus? Paikallisten lähiöprojektien käynnistämisvaiheen  ar-
viointi. Ympäristöministeriö.
119. Mäkinen, Risto: Remonttiohjelma 1992 - 1996. – Korjausrakentamisen tutkimus- ja kehitysprojek-
tien tulokset. Ympäristöministeriö.
120. Mähönen, Outi & Joki-Heiskala, Päivi: (toim.) AMAP-Arktisen  ympäristön tila ja Suomen Lappi.
Suomen ympäristökeskus.
121. Lehtoranta, Jouni: Ravinteet Itäisen Suomenlahden pintasedimentissä. Suomen ympäristökeskus.
122. Åkerblom, Satu: Erityisasuminen. Katsaus Ruotsin vanhusten asumiseen 1980- ja 1990-luvuilla.
Ympäristöministeriö.
123. Seppälä, Jyri: Decision analysis as a tool for life cycle impact assessment. Suomen ympäristökes-
kus.
124. Lindholm, Tapio; Heikkilä, Raimo & Heikkilä, Marjo (eds.):Ecosystems, fauna and flora of the Fin-
nish-Russian Nature Reserve Friendship. Suomen ympäristökeskus.
125. Malkki, Sirkka; Heinonen-Tanski, Helvi & Jantunen, Paula: Ympärivuotisten kompostikäymälöi-
den toimintavarmuus ja häiriöiden kartoitus.  Ympäristöministeriö.
126. Peuhkuri, Timo: Ympäristövaikutusten arviointi energia-alan ohjelmavalmistelussa. Tapaustutki-
mus hallituksen energiansäästöohjelman valmisteluprosessista. Suomen ympäristökeskus.
127. Kankaanpään kulttuuriympäristöohjelma.Ympäristöministeriö.
128. Kananoja, Tapio: Turun ja Porin läänin kallioperän suojelu- ja opetuskohteita. Ympäristöministe-
riö.
129. Kaavoitustoimen seuranta 1996. Ympäristöministeriö.
130. Asumistuesta itselliseen asumiseen  vai toimeentulotukeen?  I osaraportti. Ympäristöministeriö.
131. Melanen, Matti & Ekqvist, Marko (toim.): Suomen ilmanpäästöt ja niiden skenaariot (SIPS-projek-
ti) Tietojärjestelmän tietopohja ja alustavia tuloksia. Suomen ympäristökeskus.
132. Nikulainen, Virpi & Pyy, Outi: Huoltoasemien maaperän kunnostus. Suomen ympäristökeskus.
133. Isaksson, Kaj: Korjausrakentaminen asunto-osakeyhtiöissä ja aravavuokrataloissa. Ympäristömi-
nisteriö.
134. Larjavaara, Ilmari: Asuntojen yksityistäminen Pietarissa. Ympäristöministeriö.
135. Liukkonen, Matti: Asukkaat asumisoikeusasuntojen suunnittelussa. Ympäristöministeriö.
136. Koski, Kimmo & Lahti, Pekka: Kaupan suuryksiköt ja kunnallistalous – Herkkyysanalyysi. Ympä-
ristöministeriö.
137. Suomen biologista monimuotoisuutta koskeva kansallinen toimintaohjelma 1997 - 2005. .Ympäris-
töministeriö.
138. Karvinen, Päivi: Kansalaisten kokemuksia YVA-menettelyyn osallistumisesta. Ympäristöministe-
riö.
139. Kiviniemi, Markku & Sulankivi, Kristiina: Talonrakentamisen ja kiinteistönhoidon laatujärjestel-
mien tilanneselvitys. Ympäristöministeriö.
140. Seppälä, Timo: Torjunta-aineiden käyttäytyminen Suomen ympäristöoloissa.  Suomen ympäristö-
keskus.
141. Mujunen, Satu-Pia; Teppola, Pekka & Minkkinen, Pentti: Metsäteollisuuden aktiivilietelaitosten
toiminnan monimuuttujainen seuranta ja mallintaminen. Kaakkois-Suomen ympäristökeskus.
142. Teollisuuslaitoksen ympäristömelu. Ympäristöministeriö.
143. Ilmansuojelun neuvottelukunta: Ilmansuojelututkimuksen kehittämisohjelma 2001. Ympäristö-
ministeriö.
144. Hudd, Richard & Kålax, Pia: 0+ kalanpoikasten esiintyminen ja 0+ kalanpoikasten esiintymisbio-
toopit Kyrönjoen alaosalla. Länsi-Suomen ympäristökeskus.
Rautio, Mika: Ympäristönsuojelun hallinnollis-oikeudellinen ohjaus kemiallisen metsäteollisuu-
den vesiensuojelussa. Suomen ympäristökeskus.
145. Rautio, Mika: Ympäristönsuojelun hallinnollis-oikeudellinen ohjaus kemiallisen metsäteollisuu-
den vesiensuojelussa. Suomen ympäristökeskus.
146. Kultturiympäristön hoito-ohjelma  1997-98. Etelä-Savo ja Häme.  Etelä-Savon ympäristökeskus.
147. Koskiaho, Kristiina (toim.): Eheyttävän suunnittelun haasteet.  Neuvottelupäivät ympäristöminis-
teriössä 1997. Ympäristöministeriö.
148. Vehmas, Jarmo; Malaska, Pentti; Luukkanen, Jyrki & Kaivo-oja, Jari: Ympäristöpoliittiset  ohjaus-
keinot uusiutuvien energialähteiden käytön edistämisessä. Ympäristöministeriö.
149. OECD arvioi maamme ympäristöpolitiikkaa. Yhteenveto arvioinnin päätelmistä ja suosituksista.
Ympäristöministeriö.
150. Environmental Policies in Finland. Background papers for the OECD Environmental Performance
Review of Finland 1997. Ympäristöministeriö.
151. Tanskanen, Juha-Heikki: Valtakunnallisten yhdyskuntajätteen hyödyntämistavoitteiden saavutet-
tavuus Päijät-Hämeessä. Suomen ympäristökeskus.
152. Vanhojen metsien suojelutyöryhmä: Vanhojen metsien suojelu Pohjois-Suomessa. Vanhojen met-
sien suojelutyöryhmän osamietintö III, osa II karttaliitteet. Suomen ympäristökeskus.
153. Riihimäki, Juha & Hellsten, Seppo: Konnivesi-Ruotsalaisen säännöstelyn  vaikutukset rantavyö-
hykkeessä. Suomen ympäristökeskus.
154. Natura 2000 -ehdotuksesta annetut lausunnot. Yhteenvedot ministeriöide, asijantuntijatahojen
sekä järjestöjen ja edunvalvontatahojen  lausunnoista. Ympäristöministeriö.
155. Kokko, Kai: Ympäristövaikutusten selvittäminen  seutu- ja yleiskaavoituksessa – o ikeudellises-
tanäkökulmasta. Ympäristöministeriö.
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156. Räihä, Ulla: Alavuden kulttuuriympäristön hoito. Ympäristöministeriö.
157. Rönkä, Kimmo; Halomo, Jyrki; Huhdanmäki, Aimo; Teerimo, Seppo; Terho,Juha & Tolsa,Heimo:
Hissi vanhaan kerrostaloon. Taloudellinen kannattavuus, sosiaalinen tarpeellisuus sekä hallinnol-
liset ja taloudelliset edellytykset. Ympäristöministeriö.
158. Leskelä, Ari; Hudd, Richard; Kålax, Pia & Kjellman, Jakob: Kevätkutuisten kalalajien lisääntymi-
nen Lappsundinjoella 1990–96. Länsi-Suomen ympäristökeskus.
159. Hyvärinen, Marketta: Ympäristövaikutusten arvioinnin kehittäminen metsätalouteen liittyvässä
suunnittelussa – esimerkkisuunnitelmien tarkastelu. Pohjois-Pohjanmaan ympäristökeskus.
160. Marttunen, Mika: Vesisuojelun tavoitteet vuoteen 2005. Vaihtoehtoisten kuormitustavoitteiden vai-
kutukset sisävesissä. Suomen ympäristökeskus.
161. Melanen, Matti (toim.): Jätealan tutkimuksen puiteohjelma 1998 –2002. Suomen ympäristökeskus.
162. Ympäristön seurannan strategia. Ympäristöministeriö.
163. Tamminen, Pertti; Pakarinen, Kimmo; Lintilä, Janne & Salmela, Arto: Kunnan nettotulot kerrosta-
lo-, rivitalo- ja omakotialueilla.Tutkimuskohteena Tampere.  Ympäristöministeriö.
164. Saarikoski, Heli: Ympäristövaikutusten arviointi jätehuollon strategisessa suunnittelussa. Suomen
ympäristökeskus.
165. Andersson, Harri: Lounais-Suomen saaristo -  valtakunnallisen alueidenkäyttötavoitteiden näkö-
kulmasta. Ympäristöministeriö.
166. Andersson, Harri: Sydvästra Finlands skärgård - med tanke på de riksomfattande målen för
markanvändning. Ympäristöministeriö.
167. Nippala, Eero; Nuuttila, Harri & Rintanen, Risto: Asuinrakennusten perusparannustarpeen vaih-
toehtoja 1996–2005. Ympäristöministeriö.
168. Wahlberg, Niklas: Suomen uhanalaisia lajeja: tummaverkkoperhonen (Melitaea diamina). Suomen
ympäristökeskus.
169. Kuussaari, Mikko; Pöyry, Juha; Savolainen, Markku & Paukkunen, Juho: Suomen uhanalaisia laje-
ja: lehtohopeatäplä (Clossiana titania). Suomen ympäristökeskus.
170. Lindström, Marianne (ed.): Water Legislation in Selected Countries - a Comparative Study for
South African Water Law Review. Suomen ympäristökeskus.
171. Mäkinen, Risto: Rakentamisen vastuut ja laatu. Selvitysmiehen raportti. Ympäristöministeriö.
172. Nurmi, Paula: Eräiden Suomen järvien pohjaeläimistö. Valtakunnallisen seurannan tulokset 1989
- 1992. Suomen ympäristökeskus.
173. Haverinen, Kalervo & Lempinen, Petri: Omin avuin, valtion varoin. Opiskelija-asuntojärjestelmä
Suomessa. Ympäristöministeriö.
174. Vaitomaa, Jaana: Sinilevien ja niiden tuottamien maksatoksiinien käyttäytyminen imeytyksessä.
Kokeita harju- ja sedimenttipatsailla. Suomen ympäristökeskus.
175. Porvari, Petri & Verta, Matti: Elohopea ja metyylielohopea tekoaltaissa ja Kemijoen vesistössä. Suo-
men ympäristökeskus.
176. Hyvärinen, Veli (toim.) Hydrologinen vuosikirja 1994. Hydrological Yearbook 1994.Suomen ym-
päristökeskus.
177. Suomen tekemät kansainväliset ympäristösopimukset. Ympäristöministeriö.
178. Helin, Juha: Turvetuotantovelvoitteita koskevat vesituomioistuinten lupapäätökset. Suomen ym-
päristökeskus.
179. Soveri, Jouko; Peltonen, Kimmo & Järvinen, Olli: Laskeuma Helsingin seudulla lumesta määritet-
tynä talvikaudella 1995 - 1996. Suomen ympäristökeskus.
180. Vesala, Riitta: Näkökulmia asemakaavaselostuksen uudistamiseen. Ympäristöministeriö.
181. Kujala-Räty, Katariina; Hiisvirta, Leena; Kaukonen, Marke; Liponkoski, Markku & Sipilä, Annika:
Talousveden laatu Suomessa vuonna 1996. Sosiaali- ja terveysministeriö, maa- ja metsätalousmi-
nisteriö, ympäristöministeriö ja Suomen ympäristökeskus.
182. Rusanen, Pekka; Mikkola-Roos, Markku & Asanti, Timo: Merimetso Phalacrocorax carbo - Musta
viikinki. Merimetson kannan kehitys ja siihen vaikuttavat tekijät Itämeren piirissä ja Euroopassa.
Suomen ympäristökeskus.
183. Haukkasalo, Hannu: Kuntarakenne - yleiskaava Nurmijärvi. Ympäristöministeriö.
184. Ostamo, Eira & Hilden, Mikael: YVA-yhteysviranomaisten lausuntojen laatu - ympäristövaikutus-
ten arviointimenettelyt 1994 - 1997. Ympäristöministeriö.
185. Lehtonen, Elina & Kangasjärvi, Jaakko: Biotekniikan riskit? Siirtogeenisten kasvien ympäristöris-
kit Suomen oloissa. Suomen ympäristökeskus.
186. Heikkilä, Mikko, Karppinen, Seppo & Santasalo, Tuomas: Parempi kaupunkikeskusta - seitsemän
kaupunkikeskustan kehittäminen.  Ympäristöministeriö.
187. Lankinen, Markku: Lähiöt muuttuvat ja erilaistuvat - 36 lähiön tilastollinen seuranta 1980 - 95.Ym-
päristöministeriö.
188. Räike, Antti & Pietiläinen, Olli-Pekka: Typpikuormituksen vaikutus Lohjanjärven ja sen alapuoli-
sen vesialueen tilaan. Suomen ympäristökeskus.
189. Pietiläinen, Olli-Pekka & Niinioja, Riitta: Typpi ja fosfori Pyhäselän rehevöitymisen säätelijöinä.
Suomen ympäristökeskus.
190. Jauho, Mikko &  Allt, Anu: Kokemuksia laitosten muuttamisesta asuinkäyttöön. Ympäristöminis-
teriö.
191. Mustonen, Tuija: Mäntyharjun kulttuuriympäristöohjelma. Etelä-Savon ympäristökeskus.
192. Kylä-Setälä Annamaija: Maaperänsuojelun toteutuminen alueellisella tasolla - esimerkkinä Sata-
kunta. Suomen ympäristökeskus.
193. Lonka Harriet: Öljy- ja kemikaalivahinkojen torjuntavalmiuden tilan selvitys ympäristövahinko-
jen torjunnan näkökulmasta. Suomen ympäristökeskus.
194. Niemi, M.; Kulmala, A.; Vanhala, P.; Kulokoski, V. & Esala, M.: Orgaanisten jäteaineiden vaikutuk-
set maaperän mikrobistoon ja kasvien typensaantiin. Suomen ympäristökeskus.
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195. Lehtinen; Tana; Mattsson; Engström; Nakari; Ahtiainen & Lagus: Happikemikaalien käyttöön pe-
rustuvan massanvalkaisun ympäristövaikutuksia. Suomen ympäristökeskus.
196. Liikanen, Anu: Torjunta-aineiden käyttäytyminen ilmakehässä - lähteet, kulkeutuminen ja poistu-
mismekanismit. Suomen ympäristökeskus.
197. Ahonen, Ilpo, Jalkanen, Aija & Vähäsöyrinki, Asko: Työntekijöiden kemikaalialtistuminen saastu-
neiden maa-alueiden kunnostuksessa. Suomen ympäristökeskus.
198. Lukin, Markus: Kestävä tuote- ja kulutuspolitiikka - kansainväliset lähtökohdat, kansallinen sisäl-
tö ja kaupan näkökulma. Ympäristöministeriö.
199. Honkatukia, Juha: Ympäristöverot ja työllisyys. Katsaus tutkimustuloksiin ja toimenpiteisiin Poh-
joismaissa ja Hollannissa. Ympäristöministeriö.
200. Tulonen, Annu: Asikkalan kulttuuriympäristöohjelma. Ympäristöministeriö.
201. Hilden, M.; Tahvonen, O & Valsta, L.: Natura 2000-verkoston vaikutusten arviointi. Suomen ym-
päristökeskus.
202. Vaajasaari, Kati; Dahlbo, Helena; Joutti, Anneli; Schultz, Eija; Ahtiainen, Jukka; Nakari, Tarja; Pön-
ni, Seppo &  Nevalainen, Jukka: Liukoisuus- ja biotestit jätteiden kaatopaikkakelpoisuuden mää-
rittämisessä. Loppuraportti. Pirkanmaan ympäristökeskus.
203. Helminen, H.; Häkkilä, K.; Keränen, M.; Koponen, J.; Laihanen, P. & Ylinen, H.: Turun edustan
virtaus- ja vedenlaatumalli. Lounais-Suomen ympäristökeskus.
204. Ollila, Markku (toim.): Vesistöjen käyttöön liittyvä taloudellinen varallisuus. Suomen ympäristö-
keskus.
205. Otterström, Tomas, Gynther, Lea & Laurikka, Harri: Ympäristökustannusten arviointimenetelmät.
Ympäristöministeriö.
206. Grönroos, Juha; Nikander, Antero; Syri, Sanna; Rekolainen, Seppo & Ekqvist, Marko: Maatalou-
den ammoniakkipäästöt. Suomen ympäristökeskus.
207. Liike- ja palvelurakennusten kuntoarvio. Ympäristöministeriö.
208. Hirvonen, Jukka: Toimivatko tulorajat. Tilastollista perustietoa aravatulorajojen toimivuudesta.
Ympäristöministeriö.
209. Huttula, Timo: Present state and future fate of Lake Vörtsjärv. Results from Finnish - Estonian
joint project in 1993 - 1997. Pirkanmaan ympäristökeskus.
210. Ongelmia asunnottomuuden vähentämisessä. Toimenpide-ehdotuksia tilanteen parantamiseksi.
Ympäristöministeriö.
211. Leppävuori, Keijo; Lehtinen, Ilkka; Aho, Timo & Lampinen, Veikko: Kiinteistöjen ylläpidon kus-
tannusindeksi 1995 = 100. Ympäristöministeriö.
212. Siistonen, Pasi: Kaavin kulttuuriympäristöohjelma. Ympäristöministeriö.
213. Mattinen, Maire (toim.): Olavinlinna. Maisema ja monumentti.Ympäristöministeriö.
214. Saarela, Jouko; Kink, Hella; Karise, Vello; Kokkonen, Teemu; Hepojoki, Antti & Kotola, Jyrki (eds):
Environmental impact of the former military base in the Pakri Peninsula, Estonia. Suomen ympä-
ristökeskus.
215. Jätealan seurantajärjestelmä. Jäteseurantaprojektin loppuraportti. Suomen ympäristökeskus.
216. Juutinen, Artti & Mäenpää, Ilpo: Metallijätteiden kierrätyksen talous - ja ympäristövaikutukset.
Ympäristöministeriö.
217. 7th Annual Report 1998. UN ECE Convention on Long-Range Transboundary Air Pollution.
International Cooperative Programme on Integrated Monitoring of Air Pollution Effects on
Ecosystems. Suomen ympäristökeskus.
218. Forsius, M.; Guardans, R.; Jenkins, A.; Lundin, L. & Nielsen, K.E. (eds): Integrated Monitoring:
Environmental Assessment through Model and Empirical Analysis. Suomen ympäristökeskus.
219. Karjalainen, Anneli; Taipale, Lauri & Syri, Sanna: Happamoitumistoimikunnan mietintö. Ympä-
ristöministeriö.
220. Saarinen, K.; Jouttijärvi T. & Forsius K.: Monitoring and control of emissions in pulp and paper
industry in Finland. Suomen ympäristökeskus.
221. Teeriaho, Jari: Ehdotus luonnon monimuotoisuuden indikaattoreiksi kunnille. Suomen ympäris-
tökeskus.
222. Laukkanen, Tuula: Sosiaalisen vuokra-asumisen asukasvalinta. Ympäristöministeriö.
223. Vehmas, Jarmo; Petäjä, Jouko; Kaivo-oja, Jari; Malaska, Pentti & Luukkanen Jyrki: Ilmastopolitiik-
ka ja Suomi. Kansainvälisiä näkökohtia sekä kansallisia  sähköntuotannon ja -kulutuksen skenaa-
rioita. Ympäristöministeriö.
224. Soluasuminen ja opiskelija-asuntojen perusparantaminen. Ympäristöministeriö.
225. Mannermaa, Mika: Megatrendejä ja skenaarioita valtakunnallisen alueiden käytön perustaksi. Ym-
päristöministeriö.
226. Vesiensuojelun tavoitteet vuoteen 2005.  Målen för skydd av vattnen fram till år 2005. Ympäristö-
ministeriö.
227. Markkanen, Tuula: Selvitys saastuneiden maamassojen alueellisesta käsittelystä eteläisessä Suo-
messa. Suomen ympäristökeskus.
228. Rantala, Pirjo-Riitta; Nevalainen, Jukka & Jokela, Petri: Metsäteollisuuslietteiden kuivatusmene-
telmiä. Pirkanmaan ympäristökeskus.
229. Koverola, Hannu: Rakennetun ympäristön indikaattorit. Ympäristöministeriö.
230. Huolman, Ilpo: Pihlajaveden tila ja suojelun lähtökohdat. Life Pihlajsvesi -projekti. Etelä-Savon
ympäristökeskus.
231. Sommarlund, H.; Pekkarinen, M.; Kansanen, P.; Vahtera, H. & Väisänen, T.: Savipeittomenetelmän
soveltuvuus Tuusulanjärven sedimentin kunnostukseen. Uudenmaan ympäristökeskus.
232. Rakennusten energiatodistus. Loppuraportti. Ympäristöministeriö.
233. Häikiö, Martti; Laitinen, Jyrki; Lakso, Esko & Lehtinen, Antti: Laskeutusaltaiden käyttökelpoisuus
viljelyalueiden vesiensuojelussa. Suomen ympäristökeskus.
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234. Yakovlev, Valery, A.: Acidity of small lakes in Finnish Lapland - based on aquatic macroinvertebra-
te studies in 1993 - 1995. Lapin ympäristökeskus.
235. Larjavaava, Ilmari: Asuntojen hallinnon muutos Venäjällä. Ympäristöministeriö.
236. Lintunen, Petri; Hytönen, Mervi; Ikonen, Kirsi; Kivimäki, Sari: Laatokan pohjoisrannikon kulttuu-
riympäristö. Suomalainen kulttuuriperintö Laatokan luoteis- ja pohjoisrannan maisemissa. “Teks-
ti myös venäjäksi”.Suomen ympäristökeskus.
237. Tiuri, Ulpu & Huovila, Pekka: & Miljöö 2000. Teknologiakilpailu ja koerakentaminen. Tulokset ja
johtopäätökset. Ympärstöministeriö.
238. Antila, Raimo: Kunnostuksen yleissuunnitelmat ja kunnostusratkaisut Hattulan käytöstä poiste-
tuille kaatopaikoille. Hämeen ympäristökeskus.
239. Grönroos, Juha; Rekolainen, Seppo; Palva, Reetta; Granlund, Kirsti; Bärlund, Ilona; Nikander, Antero
& Laine, Yki: Maatalouden ympäristötuki. Toimenpiteiden toteutuminen ja vaikutukset 1995-1997.
Suomen ympäristökeskus.
240. YVA-lainsäädännön tarkistamistyöryhmän mietintö. Ympäristöministeriö.
241. Survo, Kyösti & Hänninen, Otto: Altistuminen ympäristömelulle Suomessa. Esiselvitys. Pohjois-
Savon ympäristökeskus.
242. Hassi, Laura: Korkotuki ylivelkaantuneiden asumisen tukena. Ympäristöministeriö.
243. Vartiainen, Perttu: Itämeren alueen kaupunkiverkoston kuvausjärjestelmä. Ympäristöministeriö.
244. Lehto, Mervi: Tekniikkaa ikä kaikki. Käyttäjän käsitys asumisen automaatiosta. Ympäristöministe-
riö.
245. Nevalainen, Jukka; Dahlbo, Helena: Suolakyllästämöalueen maaperän saastuneisuuden selvittä-
minen ja kunnostaminen. Pirkanmaan ympäristökeskus.
246. Assesment of the competence and suitability of the Finnish Environment Institute Laboratory - as
national environment al reference laboratory. Ympäristöministeriö.
247. Turkki, Hanna; Joensuu, Elina, Kirkkala, Teija; Lavinto, Ari; Mäkinen, Seppo & Siitonen, Mikko:
Järviluonnon vaaliminen. Pomarkun / Siikaisten Valkjärven esimerkki. Lounais-Suomen ympäris-
tökeskus.
248. Maaperänsuojelun tavoitteet. Maaperänsuojelun tavoitetyöryhmän mietintö. Ympäristöministe-
riö.
249. Mujunen, Satu-Pia; Linderborg, Irma; Hirvikallio, Hilkka; Minkkinen, Pentti & Wirkkala,
Riitta-Sisko: Adenosiinitrifosfaatin (ATP) soveltuvuus seurantaparametriksi sellu- ja paperitehtai-
den biologisessa jäteveden puhdistuksessa. Kaakkois-Suomen ympäristökeskus.
250. Perttula, Heli: Puurijärven tila ja lintuveden kunnostusperiaatteet. Lounais-Suomen ympäristö-
keskus.
251. Rikkidioksidi- ja typenoksidipäästöjen vähentämismahdollisuudet. Ympäristöministeriö.
252. Koivusaari, Juhani; Koskenniemi, Esa; Latvala, Jyrki; Lax, Hans-Göran; Rautio, Liisa Marja; Teppo,
Anssi & Julkunen, Martin: Kyröjoen tila ja vesistötöiden vaikutukset 1986 - 1995. Länsi-Suomen
ympäristökeskus.
253. Pietiläinen, Olli-Pekka; Ristimella, Tero & Itkonen, Juhani: Typpi ja fosfori Kemijoen perifytontuo-
tannon säätelijöinä. Ympäristöministeriö
254. Hallituksen kestävän kehityksen ohjelma. Valtioneuvoston periaatepäätös ekologisen kestävyy-
den edistämisestä. Ympäristöministeriö.
255. Koski, Kimmo; Ritakallio, Veli-Matti; Huhdanmäki, Aimo & Vuorenhela, Turo: Myymäläverkon
muutosten sosiaaliset ja sosiaalitoimeen kohdistuvat vaikutukset. Ympäristöministeriö.
256. Vehanen, Teppo; Marttunen, Mika; Tervo, Hannu; Kylmälä, Petri & Hyvärinen, Pekka: Oulujärven
kalatalouden monitavoitteinen kehittäminen. Suomen ympäristökeskus.
257. Hoffrén, Jukka: Materiaalivirtatilinpito luonnonvarojen kokonaiskulutuksen seurantavälineenä.
Ympäristöministeriö.
258. Tanninen, Timo & Hirvonen, Jukka: Asumistuen leikkauksista tuen vaikuttavuuden arviointiin.
Asumistuen leikkausten kohdentuminen, asumistilanteen muutokset ja leikkausten vaikutus toi-
meentulotukeen vuosina 1995 - 96. Ympäristöministeriö.
259. Heikkilä, Mika: Hyrynsalmen kulttuuriympäristöohjelma. Ympäristöministeriö.
260. Valtakunnallinen jätesuunnitelma vuoteen 2005. Ympäristöministeriö.
261. Regeringens program för en hållbar utveckling. Statsrådets principbeslut om främjande av ekolo-
gisk hållbarhet. Ympäristöministeriö.
262. Hissit ja poistumistiet vanhoissa kerrostaloissa. Ympäristöministeriö.
263. Heiskanen, Anna-Stiina; Lundsgaard, Claus; Reigstadt, Marit & Olli, Kalle (toim.): Sedimentation
and recycling in aquatic ecosystems - the impact of pelagicprocesses and planktonic food web
structure. Suomen ympäristökeskus.
264. Panu, Jorma: Maisemarakenteen ja taajamarakenteen yhteensovittaminen. Ympäristöministeriö.
265. Jormola, Jukka; Järvelä, Juha; Lehtinen, Antti & Pajula, Heikki: Luonnonmukainen vesirakentami-
nen. Suomen ympäristökeskus.
266. Finnish Government Programme for Sustainable Development. Council of State Decision-in-
Principle on the Promotion of Ecological Sustainability. Ympäristöministeriö.
267. Aro, Teuvo; Jyrkkäranta, Jyrki & Hääl, Kaido: Virolaiskerrostalojen lämmön ja veden kulutus. Ym-
päristöministeriö.
268. Suutari, Riku; Johansson, Matti & Tarvainen, Timo:  Aineistojen alueellistaminen kriging-menetel-
mällä ympäristömallintamisessa. Suomen ympäristökeskus.
269. Futures for FEI. International Evaluation of the Finnish Environment Institute. Ympäristöministe-
riö.
270. Kaipiainen, Maarit: Tiivis ja matala puurakentaminen. Ympäristöministeriö.
271. Rintanen, Tapio & Kare, Päivi: Suomen uhanalaisia lajeja: Sorsanputki (Sium latifolium). Suomen
ympäristökeskus.
272. Wesamaa, Pekka: Kaavojen laatimisajat 1995 - 1996. Ympäristöministeriö.
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273. Leikola, Niko: Metsäluonnon monimuotoisuus ja metsien käytön historia Etelä-Pohjanmaalla. Suo-
men ympäristökeskus.
274. Manninen, Pertti: Havasten limoittumistutkimus Konnivesi-Ruotsalaisella talvella 1997. Etelä-Sa-
von ympäristökeskus.
275. Sigurdsson, Albert: Landscape ecological changes in the Kuhmo border area after 1940. A cumula-
tive effects assessment approach. Suomen ympäristökeskus.
276. Asukasvalintatyöryhmän muistio. Ympäristöministeriö.
277. Edunvalvonta rakennusalan eurooppalaisessa standardisoinnissa. Ympäristöministeriö.
278. Virkkala, Raimo & Toivonen, Heikki: Maintaining biological diversity in Finnish forests. Suomen
ympäristökeskus.
279.  Itämeren alueen kestävän kehityksen ohjelma. BALTIC 21. Ympäristöministeriö.
280. Hyvärinen, Veli (toim.): Hydrologinen vuosikirja 1995. Suomen ympäristökeskus.
281. Marjanen, Jari: Myrkky- ja kemikaalilainsäädännön kehitysvaiheita. Suomen ympäristökeskus.
282. Lokio, Jarmo: Kittilän kulttuuriympäristöohjelma. Ympäristöministeriö.
283. Karhu, Elina: NiCd-pienakkujen käytön ja jätehuollon ohjaus. Suomen ympäristökeskus.
284. Leijting, Jorrit: Fuel peat utilization in Finland: resource use and emissions. Suomen ympäristö-
keskus.
285. Puustinen, Markku: Viljelymenetelmien vaikutus pintaeroosioon ja ravinteiden huuhtoutumiseen.
Suomen ympäristökeskus.
286. Ekokylien ekologinen tase. Neljän suomalaisen asuntoalueen arviointi kestävän kehityksen kan-
nalta. Ympäristöministeriö.
287. Hoffrén, Jukka: Material Flow Accounting as a Measure of the Total Consumption of Natural Resour-
ces. Ympäristöministeriö.
288. Tynkkynen, Veli-Pekka: Environmental health in the Karelian Republic. The popular image of green
forests and clean waters is a delusion. Pohjois-Savon ympäristökeskus.
289. Korhonen, Pekka; Rotko, Pia; Marttunen, Mika; Jarkoinen, Sirpa & Kiljunen, Pentti: Päijänteen,
Konnivesi-Ruotsalaisen ja Kymijoen säännöstelyn vaikutukset. Kyselytutkimus alueen vakinais-
ten ja loma-asukkaiden kokemuksista ja odotuksista v. 1997. Suomen ympäristökeskus.
290. Tihlman, Tiina: Suomenlahden rannikkoalueiden kaavoitus Life 96 ympäristö-projekti. Uuden-
maan ympäristökeskus.
291. Honkasalo, Antero: Kasvua vai kehitystä? Steady-state-talous ja kestävän kehityksen reunaehdot.
Ympäristöministeriö.
292. Palmu, Jukka-Pekka: Moreenimuodostumien inventointi. Esitutkimus Pohjois-Uudenmaan ja Ete-
lä-Hämeen alueella. Ympäristöministeriö.
293. Hudd, Richard & Kålax, Pia: Fiskyngelförekomst och fiskbestånd i Kyro älvs mynning 1980 - 1997.
Länsi-Suomen ympäristökeskus.
294. Asuntopoliittisten tukien kestävä kehittäminen. Ympäristöministeriö.
295. Lovio, Raimo: Suuntaviivoja ympäristöraportointiin. Suomen ympäristökeskus.
296. Saura, Matti & Saukkonen, Sari: Etelä-Päijänteen kuormitus ja veden laadun turvaaminen. Tutki-
mushankkeen loppuraportti. Pirkanmaan ympäristökeskus.
297. Myllymäki, Pauliina; Turtiainen,T; Salonen, L; Helanterä, A; Kärnä, J & Turunen, H: Radonin pois-
to porakaivovedestä. Suomen ympäristökeskus.
298. Teppo-Pärnä, Viri & Pärnä, Seppo: Piikkiön kulttuuriympäristö. Kotiseutukirja. Lounais-Suomen
ympäristökeskus.
299. Euroopan yhteisön Natura 2000-verkoston Suomen ehdotuksen hyväksymisestä. Ympäristömi-
nisteriö.
300. Metsien suojelupinta-alat. Suolelupinta-alaprojektin loppuraportti. Ympäristöministeriö. 1999.
301. Hännikäinen, Outi-Kristiina: Kansainvälistyvä kaupunkiympäristö. Ympäristöministeriö. 1999.
302. Ympäristömelun tutkimus ja sen kehittäminen. Ympäristöministeriö. 1999.
303. Söderman, Guy; Leinonen, Reima; Lundsten, Karl-Erik & Tuominen-Roto, Liisa: Yöperhosseuran-
ta 1993 - 1997. Suomen ympäristökeskus. 1999.
304. Ympäristönäkökohdat julkisissa hankinnoissa. Selvitys nykytilasta Suomessa. Ympäristöministe-
riö. 1999.
305. Etelämäki, Lauri: Vedenkäyttö Suomessa. Suomen ympäristökeskus. 1999.
306. Kontula, Tytti; Lehtomaa, Leena & Pykälä, Juha: Someron Rekijokilaakson maankäytön historia,
kasvillisuus ja kasvisto. Suomen ympäristökeskus. 2000.
307. Räsänen, Milja: Entsyymiaktiivisuuksien mittaaminen maanäytteistä - esimerkkinä fosfodieste-
raasi ja arylsulfataasi. Suomen ympäristökeskus. 1999.
308. Sinisalmi, Tuomo; Mustonen, Teemu & Lahti, Markku: Päijänteen ja Konnivesi-Ruotsalaisen sään-
nöstelyjen kehittäminen. Säännöstelyn vaikutukset rantojen virkistyskäyttöön. Suomen ympäris-
tökeskus. 1999.
309. Lanki, Eija: Jätteiden tartuntavaarallisuuden tulkintakriteerit. Ympäristöministeriö. 1999.
310. Silvola, Matti: Saastuneiden maa-alueiden priorisointimallien arviointi - HRS/SASSIT, AGAPE ja
PRIORI. Pirkanmaan ympäristökeskus. 1999.
311. Laakso, Seppo & Loikkanen, Heikki A.: Asuntomarkkinat ja asumisen tukijärjestelmät. Taustaa
asuntopolitiikan kehittämiselle. Ympäristöministeriö. 1999.
312. Pietiläinen, Olli-Pekka: Typpi ja fosfori Pien-Saimaan, Nuorajärven, Nerkoonjärven ja Kemijärven
kasviplanktontuotannon säätelijöinä. Suomen ympäristökeskus. 1999.
313. Pietiläinen, Olli-Pekka ja Räike, Antti: Typpi ja fosfori Suomen sisävesien minimiravinteina.  Suo-
men ympäristökeskus. 1999.
314. Riekkola-Vanhanen, Marja: Finnish expert report on best available techniques in ferrochromium
production.  Suomen ympäristökeskus. 1999.
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315. Riekkola-Vanhanen, Marja: Finnish expert report on best available techniques in zinc production.
Suomen ympäristökeskus. 1999.
316. Riekkola-Vanhanen, Marja: Finnish expert report on best available techniques in copper producti-
on and by-production of precious metals. Suomen ympäristökeskus. 1999.
317. Riekkola-Vanhanen, Marja: Finnish expert report on best available techniques in nickel producti-
on. Suomen ympäristökeskus. 1999.
318. Rantanen, Pirjo et.al.: Biologisen fosforin- ja typenpoiston tehokkuus, prosessiohjaus ja mikrobio-
logia. Suomen ympäristökeskus. 1999.
319. Pirinen, Auli & Salminen, Markku: Käytössä olevan asuintalon huoltokirja. Laadinta -
Käyttö -Esimerkki. Ympäristöministeriö. 1999.
320. Liponkoski, Markku: Fluori ja sen poistaminen talousvedestä. Suomen ympäristökeskus. 1999.
321. Korhonen, Pekka: Päijänteen ja Konnivesi-Ruotsalaisen säännöstelyjen kehittäminen. Suomen
ympäristökeskus. 1999.
322. Pulliainen, Erkki; Korhonen, Kyllikki & Huuskonen, Markku: Perämeren mateiden sukurauhasten
kehityshäiriöt. Ongelman laajuus ja yhteydet muiden kalojen lisääntymishäiriöihin. Lapin ympä-
ristökeskus. 1999.
323. Tallskog, Lasse; Kontio, Panu and Leskinen, Antti: Environmental assessment  in public promotion
of exports and investments to developing countries / prepared for the Ministry for Foreign Affairs
of Finland. Suomen ympäristökeskus. 1999.
324. Lähiöuudistus 2000 - oppia menneestä ja suuntia tulevaisuuteen. Ympäristöministeriö. 1999.
325. Kleemola, Sirpa &  Forsius Martin (eds.): 8th Annual Report 1999. UN ECE Convention on Long-
Range Transboundary Air Pollution. International Cooperative Programme on Integrated Monito-
ring of Air Pollution Effects on Ecosystems. Suomen ympäristökeskus. 1999.
326. Saarinen, Kristina: Data production chain in monitoring of emissions. Suomen ympäristökeskus.
1999.
327. Partanen-Hertell, Marjut et al. :Raising environmental awarenes in Baltic Sea area. Suomen ympä-
ristökeskus. 1999.
328. Heikkilä, Mari: Vesijohtoverkon nitrifioivat bakteerit. Suomen ympäristökeskus. 1999.
329. Melanen, Matti; Ekqvist, Marko & Mukherjee, Arun; Aunela-Tapola, Leena; Verta, Matti & Salmi-
kangas, Tuomo: Raskasmetallien päästöt ilmaan Suomessa 1990-luvulla. Suomen ympäristökes-
kus. 1999.
330. Siikanen, Antti; Säylä, Markku & Tahvanainen, Markku: Suomalaisten asumismenot. Ympäristö-
ministeriö. 1999.
331. Nystén, Taina; Gustafsson, Juhani & Oinonen, Teemu: Pohjaveden kloridipitoisuudet ensimmäi-
sen Salpausselän alueella. Suomen ympäristökeskus. 1999.
332. Kukkonen, Jaana: Synobakteereiden maksatoksiinien osoitusmenetelmien vertailu. Suomen ym-
päristökeskus. 1999.
333. Kananoja, Tapio: Kallioperän suojelu- ja opetuskohteita Pirkanmaalla, Kanta-Hämeessä ja Päijät-
Hämeessä.  Ympäristöministeriö. 1999.
334. Organoklooriyhdisteet ja raskasmetallit Kymijoen sedimentissä; esiintyminen, kulkeutuminen, vai-
kutukset ja terveysriskit. Suomen ympäristökeskus. 1999.
335. Luoma, Päivi: Ympäristöjärjestelmiin liittyvä ympäristönsuojelun tason jatkuva parantaminen.
Esimerkkinä massa- ja paperiteollisuus. Suomen ympäristökeskus. 1999.
336. Lankoski, Leena & Lankoski, Jussi: Economic globalisation and the environment. Ympäristöminis-
teriö. 1999.
337. Östersjöns tillstånd. Ympäristöministeriö. 1999.
338. Ehdotus Suomen ympäristökeskuksen kehittämisestä. Ympäristöministeriön asettaman SYKE-työ-
ryhmän raportti Suomen ympäristökeskuksen kansainvälisen suositusten toimeenpanemisesta.
Ympäristöministeriö. 1999.
339. Numminen, Samu: Fladat ja kluuvijärvet saaristomerellä. Lounais-Suomen ympäristökeskus. 1999.
340. Water protection targets for the year 2000. Ympäristöministeriö. 1999.
341. Aluearkkitehtitoiminnan kehittäminen. Ympäristöministeriö. 1999.
342. Mikkola, Aaro; Jaakkola, Olli & Sucksdorff, Yrjö: Valtakunnallisten maankäyttö-, peitteisyys- ja
maaperäaineistojen muodostaminen. Ympäristöministeriö. 1999.
343. Strandell, Anna: Asukaskysely suomalaisista asuinympäristöistä. Ympäristöministeriö. 1999.
344. Ristimäki, Mika: Ehdotus yhdyskuntarakenteen seurannan järjestämiseksi ja kehittämiseksi. Ym-
päristöministeriö. 1999.
345. Berninger, Kati: EU:n aluekehitysohjelmien ympäristöindikaattorit Suomessa.  Suomen ympäris-
tökeskus. 1999.
346. Öljyisten alusjätteiden vastaanotto satamissa - alusjätetyöryhmän mietintö. Ympäristöministeriö.
1999.
347. Gynther, Lea; Torkkeli, Sirpa & Ötterström, Tomas: Suomen teollisuuden päästöjen ympäristökus-
tannukset. Tapaustarkasteluna metsäteollisuus. Ympäristöministeriö. 1999.
348. Luhanka, Juha: Useamman direktiivin alaiset rakennustuotteet. Ympäristöministeriö. 1999.
349. Hein, Kari; Pirinen, Auli & Salo, Petri: Toimitilakiinteistön huoltokirja. Ympäristöministeriö. 1999.
350. Tana, Jukka; Ruonala, Seppo & Ruoppa, Marja: Happikemikaalien käyttöön perustuvan massan-
valkaisun ympäristövaikutuksia - Projektin yhteenvetoraportti. Suomen ympäristökeskus. 1999.
351. Tengvall, Jukka: Kaasujen käsittely bensiinillä saastuneen maaperän huokoskaasupuhdistuksessa.
Uudenmaan ympäristökeskus. 2000.
352. Eerolainen, Riitta: Ympäristölupamenettelyn ympäristötaloudelliset näkökohdat. Hämeen ympä-
ristökeskus. 1999.
353. Liukko, Ulla-Maija (toim.): Saukkokannan tila ja seuranta Suomessa. Suomen ympäristökeskus.
1999.
354. Housing of older people in the EU countries. Ympäristöministeriö. 1999.
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355. Söderman, Guy: Diversity of pollinator communities in Eastern Fennoscandia and Eastern Baltics.
Results from pilot monitoring with Yellow traps in 1997 - 1998. Suomen ympäristökeskus. 1999.
356. Schroderus-Härkönen, Seija; Markkanen, Sirkka-Liisa & Helo, Teppo: Kainuun ympäristön laa-
dun kuvaus. Kainuun ympäristökeskus. 1999.
357. Marttunen, Mika & Järvinen, Erkki: Päijänteen säännöstelyn kehittäminen. Yhteenveto ja suosi-
tukset. Suomen ympäristökeskus. 1999.
358. Luosma, Kirsi & Hynynen, Raija: Sosiaalisten vuokra-asuntojen hakijoiden, hakumenettelyn ja
asukasvalinnan vertailu Helsingissä ja Lahdessa. Ympäristöministeriö. 1999.
359. Tanninen, Timo & Hirvonen, Jukka: Housing  allowance in Finland in the 1990´s. Results of the
cutbacks and evaluation  of the effects. Ympäristöministeriö. 1999.
360. Mäkinen, Heikki: 2000-luvun vesipiirit. Näkemyksiä Euroopan unionin vesipolitiikan puitedirek-
tiivin edellyttämästä aluejaosta. Suomen ympäristökeskus. 2000.
361. Gustafsson, Juhani: Tiesuolauksen riskikartoitus pohjavesialueilla - valtakunnallinen yhteenveto.
Suomen ympäristökeskus. 2000.
362. Karvosenoja, Niko: National cost curve analysis SO2 and NOX emission control. Suomen ympäris-
tökeskus. 1999.
363. Järvinen, Erkki, A: Konnivesi-Ruotsalaisen säännöstelyn kehittäminen - yhteenvetoraportti. Suo-
men ympäristökeskus. 2000.
364. Bäck, Saara & Lindholm, Tapio: Vesi- ja rantaluonnon monimuotoisuuden säilyttäminen. Selvitys
vesiensuojelun tavoiteohjelmaa v.uotta 2005 varten. Suomen ympäristökeskus. 1999.
365. Penttinen, Katri: Pkt-yritysten ympäristönsuojelu. Ympäristöministeriö. 1999.
366. Laukkanen, Kauko: Karjatilojen jätevesien käsittely maa-ja kivivillasuodattimessa. Pohjois-Savon
ympäristökeskus. 1999.
367. Siuntion kulttuuriympäristöohjelma. Kulturmiljöprogrammet för Sjundeå. Ympäristöministeriö.
1999.
368. Haapala, Henna: Karjalan tasavallan metsiensuojelukeskestelun retoriikka-analyysi. Suomen ym-
päristökeskus. 1999.
369. Ilomäki, Mika: Materiaalitehostamisen ja jätteen synnyn ehkäisyn mahdollisuudet pkt-
yrityksissä- yrityksen näkökulma.  Pirkanmaan ympäristökeskus. 1999.
370. Töyrylä, Jouni & Ropponen, Jukka: Esteettömyys Joensuun Marjalassa. Ympäristöministeriö. 1999.
371. Johansson, Matti & Lindström, Maria: National Integrated Assessment Modelling. Workshop Re-
port. Suomen ympäristökeskus. 1999.
372. Manninen, Pertti: Kunnostus- ja täydennysojituksen vesistövaikutuksia. Veden laatu, kuormitus
ja vesiensuojelu. Etelä-Savon ympäristökeskus. 1999.
373. Silvo, Kimmo; Melanen, Matti; Gynther, Lea; Torkkeli, Sirpa; Seppälä, Jyri; Kärmeniemi, Tellervo
& Pesari, Juha: Yhtenäisten päästöjen ja ympäristövaikutusten arviointi. Lähestymistapoja ympä-
ristölupaprosessin tueksi. Suomen ympäristökeskus. 2000.
374. Bilaletdin, Ämer &  Arvonen, Hannu (toim.): Võrtsjärven kunnostuksen ja suojelun yleissuunni-
telma. Pirkanmaan ympäristökeskus. 1999.
375. Siistonen, Pasi: Kiihtelysvaaran kulttuuriympäristöohjelma. Pohjois-Karjalan ympäristökeskus.
1999.
376. OECD Environmental Performance Review. Finland´s Progress Report. Ympäristöministeriö. 1999.
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Lake Talða is situated in a significantly good geographical position, in the central 
part of the city of Ðiauliai in Lithuania. River Kulpë has its sources in Lake Rëkyva, 
on the southern side of Lake Talða. It flows through the lakes Talða and Ginkûnai to 
River Mûða and further to Latvia and to the Baltic Sea. 
Lake Talða is suffering from eutrophication. Hygienic condition of the lake is very 
bad. The lake is a very popular place for sportsmen, e.g. paddlers. On the side of the 
lake opposite the city there is a large beautiful park for recreation and nature 
conservation. The flora and the fauna of the park, which is situated very near from 
the city of Ðiauliai, are unique and there are plans to make eco-paths in the park.
The restoration investigation of Lake Talða was carried out in cooperation with 
Finnish and Lithuanian specialists. In the project, the state of the lake was identified, 
phosphorus balance was calculated and the predictions of the contributions of the 
different loading sources to water quality were made. This report distributes 
information about the case study, including recommendations about the possibilities 
of water protection and restoration of the lake.
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